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PREFACE TO PARTS I AND II 

Perkin and Kipping’s Organic Chemistry , first published in 1894, 
has been widely used during more than half a century. It has been 
partly or completely revised at various short intervals, and for th 

present edition has been entirely reset. . . , 

P The number of pages has been increased. This increase is due 

to some extent to the use of a larger and improved type-face and 
the additions to the text have been kept to a minimum consistent 
with dealing with all important recent advances. It would have 
been easy to 8 overburden the book with new matter, but < he author * 
M that it is imperative to keep in mind the actual need of the 

"'considerable revision of the text of the last edition has also 
been effected. Most of the structural formulae of cyclic compounds 
have been presented differently, so that they may be more readily 
understood^ More attention has been paid to nomenclature and 
the use of different names for a given compound, in order to help 
students to pass from the name to the constitutional formula and 

'’"chapter on alkyl compounds of nitrogen, phosphorus^ 
arsenic silicon and metals has been divided into two, and a short 
chapter on ethylenic and acetylenic compounds has been added ' “ 
welF as many brief sections on, for example, petrol, synthetic an 
malarials, penicillin, etc. Some small portions of the text of Par. Ill 

have been transferred to Part II and vice versa. 

Perhaps the most noteworthy addition is the introduction ear y 
in Part II, of an elementary account of the conception of resonance 
and of frequent references to this subject thereafter. 

In spite of the changes which have been made, he ar e 

of the book, and any distinctive features which . may have, 
unaltered and remain as in the original and Inter ■ ed. ions 

It is intended as a text-book, as an introduction to he study o 
Organic Chemistry, and the subject matter (of P a " d £> 

corresponds approximately with that which is u y 

during a two-years’ course of lectures. 

With the aid of the explanatory notes and two sizes of type the 

text is so arranged that the course of the beginner is clearly indicated , 

V 
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he will not, therefore, be hampered by the premature study of 
matters beyond his needs. Having made sufficient progress, he 
begins the study of the summaries and other more advanced matter 
(in smaller type) which he has previously passed over. He will 
then have covered the ground usually necessary for (at least) a pass 
degree. 

If that is his only object the greater part of Chapters 39-41 may 
perhaps be omitted, as these parts of the book are intended more 
particularly for pharmaceutical and medical students, or those 
reading for an honours degree. The last chapter, on dyes and their 
applications, is also probably beyond the needs of pass degree 
requirements. 

One of the principal objects throughout has been to treat the 
subject from a practical point of view, for without a good grounding 
in laboratory work sound foundations cannot be laid. For this 
reason the preparation of many typical compounds is described in 
sufficient detail to enable even a beginner to carry out the operations 
with little supervision. A list of such preparations is given just 
before the Index. 


Another important branch of practical work has been borne in 
mind, namely the identification of organic compounds. A few 
general directions are given, with various examples, and also suffi- 
cient data, chemical and physical, for the identification or reference 
to their types of most if not all of the compounds which are usually 
considered suitable for such exercises. 


Very particular attention has been directed to the evidence on 
which a given structural formula is based, even in very simple cases 
so that the student may be gradually trained to correlate the pro- 
perties and the constitution of a compound. When he can do so, 
and the general reactions of the principal radicals have been mastered, 
structural formulae should be easily interpreted, all that they imply 

should be realised, and thus the study of organic chemistry should 
be very greatly simplified. 


Many references have been made to the commercial preparation 

espcciaUy ,o those which - - 


F. STANLEY KIPPING. 
F. BARRY KIPPING. 
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ORGANIC CHEMISTRY 


Part I 


CHAPTER 1 

COMPOSITION, PURIFICATION, AND ANALYSIS OF 

ORGANIC COMPOUNDS 

Origin and Present Meaning of the Word Organic. Although 
spirit of wine, sugar, fats, and many other substances, obtaum 
directly or indirectly from animals or plants, have been known from 
the earliest times, their investigation made but little progress until 
towards the close of the eighteenth century, when the compositions 
of many of these natural products were established by Lavoisier 
(1743-94). He it was who first showed that, in spite ot then grea 
number, nearly all vegetable substances are composed of carbon, 
hydrogen, and oxygen, whereas animal substances although also 
consisting for the most part of the same three elements, usually 

contain nitrogen, and sometimes phosphorus and sul P hur - 

This similarity in composition, and probably also he fact that 
these natural products behaved differently from mineral compounds 
in being combustible, led to the belief that all animal and vegetable 
substances were produced under the influence of a particular vital 
force , and that their formation was regulated by laws quite difkrci 
from those which governed the formation of mineral substance* , 
consequently, it was thought impossible to prepare any animal or 
vegetable product artificially or synthetically in the laboratory. 

For these reasons, compounds obtained from animals and plants 
-that is to say, directly or indirectly from living organ, sms- were 
called organic compounds, and were classed separately from 

inorganic or mineral substances. 

This distinction between organic and inorganic con 'P° 
appears to have been generally accepted until 1828, when Wohler 
succeeded in obtaining urea (an excretion of certain animal organisms) 

* Org. 1 
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from cyanogen and ammonium hydroxide solution, substances 
which were considered to be inorganic or mineral, because they 
could be produced in the laboratory ; this synthesis showed that 
the influence of a living organism was not necessary for the pro- 
duction of the ‘organic’ substance urea. 

In the course of time it was found that many other ‘organic’ 
substances could be prepared in the laboratory from materials which 
were classed as ‘inorganic’, and ultimately it came to be generally 
recognised that although many processes which occur in animals 
and plants cannot yet be carried out in a laboratory, because of lack 
of knowledge, the formation of an organic compound is no more 
dependent on the help of a vital force than is that of an inorganic 
compound. 

The supposed difference between the two classes of compounds 
having thus been disproved, the terms ‘organic’ and ‘inorganic’ 
lost, of course, their original meanings ; they are, nevertheless, still 
employed in the classification of chemical compounds for the 
following reasons: 

(1) The compounds of carbon, which arc already known (more 
than 200,000), are far more numerous than the known compounds 
of any other element. (2) '1 hese carbon compounds are related to 
one another, but differ widely in gener :I behaviour from those of 
all other elements ; they form, in fact, a distinct group. 

It is convenient, therefore, to class them separately, and to dis- 
tinguish them by the term organic, which recalls the fact that carbon 
compounds are the most important components of all animals and 

plants ; organic chemistry, therefore, is the chemistry of the carbon 
compounds. 


Some of the simpler compounds of carbon, such as carbon 

monoxide, carbon dioxide, and the carbonates, being of general 

importance, are described in works on inorganic chemistry for the 

sake of convenience ; they are, nevertheless, organic compounds, 
because they contain carbon. 1 p 

The reasons why so many carbon compounds are known are not 
far to seek. All the chief components of animals and plants are 
derivatives of carbon, and many of them occur in great abundance; 

tef C ‘' rb<m - "'W 'this 'term 'can E® 



analysis of organic compounds 3 

each of these naturally occurring compounds has formed a , start. ng- 
point from which many others have been easily obtained m e 
laboratory ; these, in their turn, have served as materials for further 
investigation. Thus many compounds, not existing in p an s 
InimT have been prepared and the number of both natural and 
synthetic products increases from day to day, as chemists all over 

the world pursue their research work. 

Comoosition of Organic Compounds. In spite ot thci g 

skrto str = 

hydrogen only, and arc called hydrocarbons. 

The most striking difference between carbon and all otner 

elemttsTin fact, that carbon combined with >n» 

a verv large number of hydrocarbons, such as CH„ C 6 li c . s» 

C H etc in the molecules of which the carbon atoms . 

scid-which occur in the 

in ^he animal kingdom generally contain nitrogen, ^ 

i trrsur » 

many metals are known, and d , excent one of 

prepare a carbon compound containing any element, excep 

those of the argon family. , . d | y be 

Purification of Organic Compounds^ ' ‘ ^ a 

pointed out that every organic substance n • d to it; 

quantitative analysis in order that a lormu a n- > however, a 

the preparation of the compound in a state o ^ of an 

step which must precede its analysis. - ' kind is 0 f tC n 

organic compound, its isolation from a mix necessary to 

a matter of considerable difficulty, and it » usuaU y n cc »a J 
employ various methods for this purpose. I he main f y 
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processes are : (1) Those depending on the use of solvents. 
(2) Distillation. 1 

The separation of an organic, from an inorganic, substance can 
usually be accomplished by shaking or warming the mixture with 
some solvent, such as alcohol, ether, benzene, chloroform, petrol, 
etc. Most organic compounds are soluble in one or other of these 
liquids, whereas inorganic compounds, as a rule, are insoluble, or 
nearly so. Water (or a dilute acid) may often be employed for the 
like purpose, since many inorganic substances are soluble, many 
organic substances insoluble, in it. In order to ascertain whether 
mineral matter is present or not, a small portion of the substance is 
first ignited on platinum foil; if it leaves a non-combustible residue, 
it may contain inorganic matter as impurity, or it may be a salt of 
some organic acid; in the latter case, the substance may often be 
purified by crystallisation, or the acid contained in it may be liberated 
and purified in some suitable manner. 

The separation of two or more organic substances may frequently 

be effected in a similar manner. In the case 
of a mixture of cane-sugar, tartaric acid, and 
benzoic acid, for example, the last-named 
compound (only) can be dissolved out with 
ether ; the tartaric acid may then be separ- 
ated from most of the sugar by extraction 
with alcohol, in which it is much more 
readily soluble than is sugar. 

Solid or liquid organic substances, sus- 
pended or dissolved in water, or in aqueous 
solutions of salts, etc., may often be isolated 
by shaking the mixture or solution with some 
solvent, such as ether, benzene, chloroform, 
etc., which is not too soluble in water. This 
is done in a separating funnel (Fig. 1), and 
after the operation thetwo solutions are separ- 
ated by turning the tap (a, a') and running 

. , off that which is underneath ; the extraction 

is then repeated, if necessary, with a fresh quantity of the organic 
solvent. I he combined extracts arc dried (p. 8) and the 

of these 

various compounds will be unintelligible preparation of 



Fig. 1 
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solvent is distilled, usually on a water-bath,' from the (filtered) 

case of compounds which are very readily soluble in water, 

5 10 options - "tore, with relatively small volumes of the 
organic liquid, are nec^.^orf. r to .solai te most 

or thrr: ^ t 

forms the upper layer, but chloroform is heavier than water. 

When ether is employed the aqueous solution may^^animted 

‘ salting out , . 

—SSswfS 

352 SSSSSrr.t 

suitable solvent is employed. test-tube with about 

About 0 05 g. of the substance . h ** ^ benzcne , 

0-5-1 c.c. of some solvent (^eh as watc ^ so i ut ion has 

chloroform, ether etc ), an we p cons id C rable proportion 

occurred, the hot liquid is cooled , i then a co may 

of the dissolved substance is deposi e ’ suitable 

be regarded as suitable, but , not, another ts ^ are 

one has been found, the aubstanee and a link 0 !,.^ ^ ^ a 
heated together during some minutes i sma ll 

water-bath, if an inflammable hqu.d .s be.ng ut e ) 
quantities of the solvent are added, at a sale 
burner, 1 until solution is complete. rno led solution arc 

The crystals quantity of 

collected on a suction-filtt , necessary by rccrystallisa- 

the solvent, and further purified, if necessary, oy 

ti0 i n f a part of the substance is far less soluble than the rest, or 

• In working with highly infla h m ^ k 0 f u^ml'cthir, hen/.cne 
r;,t ,w?.he tJ. so that ,1 fracture occurs the 

liquid docs not run on to the bench. 



6 


COMPOSITION, PURIFICATION AND 


insoluble, it may be necessary to filter the hot solution ; a hot-water 
or steam-jacketed funnel should then be used. 

The preliminary separation of a crystalline product from small 
quantities of oily or tar-like matter is best accomplished by pressing 
the substance on a piece of an unglazed tile or plate, whereby most 
of the liquid is absorbed. 

If only one component of a mixture 

J is dissolved by the liquid employed, 

this particular substance is obtained 
in a state of purity without difficulty, 
because the others are easily removed 
by filtration ; when, however, two or 
more of the components are soluble, 
their further separation can usually be 
effected by fractional crystallisation. 
In this process, advantage is taken of 
the difference in solubility of the sub- 
stances. \\ hen a hot solution of two 
(or more) substances is cooled, one of 
them only is often deposited in crystals, 
and can then be separated by filtration; 
the substance remaining in the mother- 
liquor may then be obtained in crystals 
by concentrating the solution ; the two 
crops of crystals are afterwards separ- 
ately redissolved, and the fractionation 
repeated, if necessary, with the same or 
a different solvent, until each substance 
is obtained in a pure state, as shown 

Fig. 2 b >' a determination of its melting-point 

(P- 12). 

filtered, a colourless or much Habt , Iqu,d 1S af terwards 
obtained, and the dissolved s, I " co,oured solutlon is usually 
readily. Before use h ^ td subs,an f e generally crystallises more 

with boiling hydrochloric aVid'm Sh ° U,d ^ f cpeatcd, y extracted 

" ardS ^ - d heat^^rc^i^ 
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with a lid. Various other varieties of charcoal are employed in a 
similar manner. 

For the solution of more than, say, 5-10 g. ot a substance and 
for a great many other operations a reflux condenser (Fig. 2) is used 
to prevent the loss of a volatile solvent or substance present in 
solution ; the vapours, which would otherwise pass away, are then 
condensed, and the liquid runs back into the flask. 1 he flask may 
be heated over a wire-gauze or on a sand-bath ; but when alcohol, 
ether, or other substances of low boiling-point are being used, a 
water-bath is always employed. 1 In a form of apparatus similar to 
that shown, a liquid may be kept boiling tor so long as required. 
When the boiling-point of the liquid is above 100 1-0 , a glass 
tube about 80 cm. long and 1 cm. in diameter is used as an air- 
condenser, in the place of the water-cooled tube. 

Organic substances which boil without decomposition can be 
purified by distillation. The substance is placed in a distillation 
flask (a, Fig. 3), which is connected with a condenser, the neck ot 
the flask being closed with a cork, through which a thermometer 
passes ; the bulb of the thermometer is placed just below the 
opening of the side-tube (/>), and a few scraps of unglazed earthen- 
ware are put in the distillation flask to prevent ‘bumping or 
sudden ebullition. This must always be done before the liquid is 
heated, as the addition of a solid to a superheated liquid may cause 
a violent ebullition. The flask may be heated on a water-bath, 
sand-bath, gauze, or metal-bath, or with the free flame in the ease 
of substances of high boiling-point. In the case of liquids which 
boil at temperatures above 130° or so, the water in the condenser is 
run off to lessen the risk of fracture, or a long glass tube (r) is used 
as an air-condenser. When the compound to be purified contains 
only non-volatile impurities, the thermometer rises very rapidly as 
soon as the liquid begins to boil, but then remains practically constant 
until almost the whole has distilled. 'I owards the end of the opi 
tion, however, it begins to rise again, owing to the superheating " 
the vapour, and distillation is then stopped. If the distillate is now 
transferred to a clean flask, and redistilled, it should boil at a i '"'slant 
temperature, which is the observed boiling-point of the substance 

(p- 12). , ... 

All pure substances, which boil without decomposition, have a 

definite boiling-point (b.p.), which is dependent on the pressure. 

1 Footnote, p. 5. 
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As the pressure diminishes, the boiling-point is lowered, so that, by 
carrying out the process under reduced pressure , it is often possible 
to distil a substance which would decompose under atmospheric 
pressure. 

The boiling-point is one of the more important physical constants 
of a substance, and affords a valuable means of identifying it. An 
observation of the boiling-point should always be made with an 
apparatus similar to that shown (Fig. 3), and a sample of the liquid 



Fig. 3 


should be distilled completely, in order to make sure that it has a 
constant boiling-point ; if not, it is impure, or it is decomposing, 
efore a substance is distilled, it should be carefully freed from 

vhh' V a I U /; may C ° n,ain ; /° r ,hiS pUrp ° Se li( ! uids « «*U shaken 
calcium bf -5 r0P0r,1 ° n 0f 3 deh >- draled “It, such as anhydrous 

carbonate Sul P hale ' sulphate, potassium 

carbonate etc., or rvith potash, according to the nature of the 

liquid, and are then decanted or filtered. 1 

(in mS; i" un a S J a t nS id nnCl ■vr 

£r s aBcM ,s con "" uc ‘ i «• " until 1: 
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When a mixture of two (or more) volatile substances is distilled 
in the manner described above, the liquid usually begins to boil at 
some temperature lying between the boiling-points of its com- 
ponents. As distillation proceeds the boiling-point rises, and 
towards the end of the operation usually becomes nearly the same 
as that of the liquid which boils at the higher temperature. In the 
case of a mixture of alcohol (b.p. 78') and water (b.p. 100°), for 
example, the thermometer at first registers some temperature 
between 78 and 100°, according to the proportion of the two sub- 
stances, and the earlier portions of the distillate contain a larger 
proportion of alcohol than does the original mixture. During 
distillation the thermometer rises slowly but continuously, and at 
last registers 99-100°, the liquid passing over at this temperature 
consisting of very nearly pure water. The change in boiling-point 
is due to a change in the composition of the mixture ; the alcohol, 
being the more volatile, passes off more quickly than the water. 
It is possible, therefore, to separate the liquids to some extent by 
collecting the distillate in portions or fractions at intervals of 5 or 
10° ; this operation is termed fractional distillation and the larger 
fractions will generally be those collected near the boiling-points 
of the main components of the mixture. By redistilling each of 
these fractions, a further separation is effected, and, after a sufficient 
number of operations, each component of the mixture may be 
obtained in a practically pure condition, boiling at a constant 
temperature. 

The process of fractional distillation is greatly facilitated when 
a flask with a long neck is used, or when the mixed vapours are 
passed through a fractionating column, of which there are many 
forms, before they enter the condenser. By these means the vapour 
of the liquid of higher boiling-point is much more efficiently con- 
densed, and runs back into the distillation flask, instead of passing 
over with the more volatile component. It is then often possible 
to effect a separation when the boiling-points of the two liquids 
differ by a few degrees only, whereas without a fractionating column, 
a difference of at least 20-30° is necessary ; in many cases, even 
when there is a greater difference than this, a separation cannot be 
effected as many liquids form mixtures of constant boiling-points 
(azeotropic mixtures). 

Fractional distillation is frequently carried out under reduced 
pressure for the reasons already stated in the case of ordinary dis- 
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dilation. The apparatus commonly used consists of a two-necked 
(Claisen) flask (A, Fig. 4) with its side tube inserted into the neck 
of a second flask (B), which is connected with a water (or other) 
pump and a pressure gauge. A thermometer is fixed in one neck 
of A and through the other passes a tube drawn out to a fine capillary, 
reaching nearly to the bottom of the flask. When the pump is 
started air bubbles are drawn through the capillary and regular 



Fig. 4 

ebullition is assisted. The liquid to be distilled is placed in A ; the 
pump is then started, and, as soon as the pressure is sufficiently low, 
distillation is carried out in the usual manner, the process being 
interrupted when the receiver is being changed. 

C f C j,’ es P c L ciall y ' vhen the pressure is very low, the 

flask V ^ bad y , : th ‘ S ma> ' ° ften be overcorn e by heating the 
flask very cautiously just above and below the level of the liquid 

with a constantly moving, almost luminous flame. 

Another method frequently used in the isolation and purification 
of organic substances both solid and liquid, is distillation in a 
current of steam. The substance and a little water are placed 
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in a flask (A, Fig. 5) which is connected with a condenser, and 
heated on a gauze or sand-bath; a rapid current of steam, generated 
in a separate vessel (B), is then passed through the mixture 1 he 
distillate, which contains the volatile organic substance in solution, 
or in suspension, is afterwards extracted with ether, or filtered, or 
treated in some other way, according to circumstances. In this 
simple manner it is often possible to isolate a compound when all 
other methods fail ; it is, however, only applicable in the case of 
those substances which arc volatile in steam, and are not decom- 
posed by boiling water. Some compounds, which cannot be dis- 



tilled in the ordinary way, because they undergo decomposition arc 
volatile in steam, and r ass over unchanged, even when then - bo. g- 
ooints are very much higher than that of water. Steam distillation, 
in to equivalent to distillation under reduced pressure, as the 
vapour pressure of the water takes up most of the atmosphenc 

pressure. 

When a substance volatilises very slowly, superheated steam is 
cJn emploW ; in such cases the steam from B » • P-d thmugh 
a strongly heated coil of copper tubing before being led 

Tests of Purity. It is very important to know whether or not a 
given compos pure. iP.he substance is a y or 

otherwise may often be ascertained by an 

microscope. A pure substance looks homogeneous, and cry 
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talline, the crystals are all of the same kind. Much more trust- 
worthy evidence, however, is obtained by an observation of the 
melting-point. 

Pure substances, which melt or liquefy without decomposition, 
have a definite melting-point ; when, however, a substance is 
impure, its melting-point is usually not only lowered, but is also 
rendered indefinite. An impure substance becomes soft and pasty 
(sinters) at a certain temperature, and does not melt completely 

until heated considerably above this point. 
The determination of the melting-point, 
therefore, affords a valuable test of purity , 
and also serves as a means of identifying 
a compound. 

An apparatus suitable for determining 
the melting-point consists of a small very 
short-necked flask ( a , Fig. 6), or beaker, 
of about 50 c.c. capacity, containing con- 
centrated sulphuric acid, glycerol, or 
liquid paraffin. A minute quantity of the 
substance is placed in a capillary tube 1 
(6), closed below, which is caused to ad- 
here to a thermometer by capillary attrac- 
tion. The liquid is slowly heated, 2 and 
the temperature at which the substance 
liquefies that is to say, its melting-point 
(m.p y -is noted. 

For solids melting below, say, 90°, the 
thermometer is suspended in a beaker of 
water. A bent glass rod as a stirrer im- 
6 proves the beaker apparatus. 

. *he ca $e of a compound which distils 

without undergoing decomposition, a determination of its boiling- 
pent or rather an examination of its behaviour on distillation, will 

usually show whether it is pure or not (p. 7). 



flame, suddenly drawn out to a lentfh of 3 or 4 ft ^ r t e . mOVec !, 1 from l £ e 
cut into pieces about 3 in lone with a mir f 3nd t !i e ca P‘^ ar >' tube 
piece is then sealed. 8 3 P3 ' r ° f sc,ssors - end of each 

risk of splashing if the vessel breaks. H d USed ’ l ° prevcnt the 
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The observed melting- or boiling-point of a substance is usually 
1-3° lower than the true value, because, as a rule, a portion of the 
column of mercury is not immersed in the heating liquid or vapour. 

Qualitative Elementary Analysis 

The methods used in the qualitative analysis of organic com- 
pounds are relatively simple and differ entirely from those employed 
in the case of inorganic substances. Not only are most organic 
compounds insoluble in water and in acids, but even those which 
are soluble do not, except in rare cases, show a behaviour sufficiently 
characteristic to allow of their recognition by the ordinary ' wet 
methods ’ of analysis. Moreover, whereas a mixture of inorganic 
compounds may be directly submitted first to qualitative and then 
to quantitative examination, a mixture of organic compounds must 
almost invariably be separated into its components before the 
further qualitative and quantitative examination of these com- 
ponents can be undertaken. The term qualitative analysis, there- 
fore, as used in reference to organic compounds, usually means the 
detection of the elements of which a pure compound is composed ; 
for this reason the process is often known as qualitative elementary 
analysis. This process is a necessary step in the determination of 

the formula of every organic compound. 

When the object of the examination of an organic compound is 
to identify the substance— that is to say, to prove that it is identical 
with some substance of known composition — the process is genera y 
called identification. 

The suspected identity of two solids is best tested by taking the 
melting-point of an intimate mixture of approximately equa 
quantities of the known and the unknown compounds; if this is 
the same as that of the separate components, their identity may )e 
taken as established. Before this final proof of identity can be 
applied a compound is generally examined by noting its appearance, 
smell, crystalline form, solubilities, and chemical properties, and 
by determining its melting- or boiling-point ; when, however, 
such methods are insufficient, or when the nature of the com- 
pound is quite unknown, a qualitative elementary analysis, an 
often even a quantitative analysis, must also be made. 

Unless the substance under examination is known to be organic 
it will be necessary to test it for carbon : this element may e 
detected by the following methods : 
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The substance is heated on platinum foil. If it inflames and 
burns away, or swells up, giving a black mass, which on being 
strongly heated entirely disappears, the substance is in all proba- 
bility organic. The metallic salts of organic acids usually char 
when treated in this way, and when further heated, the carbon- 
aceous matter burns away, leaving a residue which may be dissolved 
in water or acids and examined by the usual methods of inorganic 
analysis. Sodium acetate, for example, leaves sodium carbonate, 
but copper acetate gives the oxide of the metal, and silver acetate 
gives the metal. If a halogen, sulphur, or phosphorus is present in 
the salt, it is generally found in the residue in combination with 
the metal. 

The behaviour of a substance when it is heated with concentrated 
sulphuric acid often affords an indication of the presence of carbon, 
as many organic substances blacken under these conditions, owing 
to the separation of carbonaceous matter. 

If neither of these tests gives a decisive result, the compound 
(01-0-5 g.) is mixed with 40-50 times its weight of pure copper 
oxide, and the mixture is heated to redness in a tube of hard glass, 
sealed at one end, the escaping gases being led into lime-water ; 
under these conditions all organic substances (except the stable 
carbonates and cyanides of the alkalis and alkaline earths) are de- 
composed, yielding carbon dioxide. 

It is rarely necessary to test for hydrogen in organic compounds, 
and the only reliable method is to mix the dry substance (0-3-0-5 g.) 
with dry copper oxide and heat the mixture in a stream of dry air 
or oxygen (p. 17) ; if hydrogen is present, it will be oxidised to 
water, which may be collected in a calcium chloride tube (weighed 
before and after the experiment). 

In the case of very volatile compounds the tests for carbon and 
hydrogen are made in a combustion apparatus (p. 19). 

I he presence of nitrogen in an organic substance may often be 
detected when 0T-0-2 g. of the substance is strongly heated with 
soda-lime 1 in a hard glass tube ; if ammonia is evolved, the presence 
of nitrogen is proved. As, however, many organic compounds 
containing nitrogen do not yield ammonia when they are heated 
will) soda-lime, the following test must be applied before the 
absence of nitrogen may be considered to be proved. 


1 An intimate mixture of slaked lime and 
strongly heated until it is quite dry. 


caustic soda, which has been 
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AW, 01-0 2 g. Of ,he substance is Placed in 

together with a bright piece ° *° " he moken met al is brought 
gently heated, care being taken that tne 

Into contact with the substance and «y.ch- ^ ^ 
compound does not carbonise, . and more strongly 

molten sodium. The mixture ,s “eWore^ # ^ ^ ^ 

«”<“ al \ act,m . CMSeS ’ h Zt s o water contained in an evaporating 
end is plunged into about 5 c.c. so luble product 

basin or mortar, whereby the tube » broken nd t h V ^ 

is dissolved. This should be done m such a way 

not endangered. _ . , f carbona ceous matter, and 

The alkaline solution is filter dd cd to the filtrate ; 

a few drops of a solution of ferrous su J g c00 i c d i an d acidified 
the mixture is then boiled for a e\ . ’ present in the 

With pure hydrochloric acd precipitate, is pro- 

d^X'ehttmediatetyor on the addit.on of a drop of a feme 

<es. depends on “he 

some of the carbon in the organic compoun ^ ^ t 

£ hy 
is precipitated and sodium ferrocyamde ,s formed 

6NaCN+Fe(OH) 2 = Na,Fe(CN),+2NaOH. 

r m ttxP ferric salt and the ferrocyamde give 

On the addition of an acid the fer ^ somc of th e ferrous 

Prussian blue. During oxidised to ferric hydroxide; a 

hydroxide generally becomes ^ d without the addit.on 

blue colour or precipitate is then p 

of a ferric salt. nr iodine in organic com- 

The presence of chlorine, bro , ^ mcthods employed in 
pounds cannot be detected, as a ru^y j, ^ by mcans 

of silver nitrate, or manganese d.ox.de W rf chlorin e, 

form, for instance, contains witotc with an aqueous solu- 

but when pure it does not give P . heated with 

tion of silver nitrate, and just boils away when 

manganese dioxide and sulphuric ac * _ a piece 0 f copper 

A simple test for the halogens ts the £ nie unti l ,ha. 

wire is heated in the oxidising rone of the Bunsen 
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portion within about three inches from the end ceases to colour the 
flame green and is coated with oxide. 1 The end of the hot wire is 
then dipped into the substance and heated again in the flame, when, 
if a halogen is present, a green colouration is usually observed, due 
to the formation of a volatile halogen compound of copper. This 
test sometimes fails and is occasionally given by compounds free 
from halogen ; as, moreover, it does not give any information as to 
which of the halogens is present, the following method is generally 
adopted : 

The substance is carefully heated with a bright piece of sodium 
and the product is treated with water exactly as described in the 
test for nitrogen (p. 15). A portion of the filtered alkaline solution, 
acidified with nitric acid, is then tested with silver nitrate ; if a 
precipitate is formed, the presence of halogen (or of nitrogen , see 
below) in the original substance is proved, and its nature may be 
determined by examining the rest of the solution, or the precipitate, 
by the usual methods. This test depends on the fact that when any 
organic substance containing chlorine, bromine, or iodine is thus 
heated with sodium, the halogen combines with the metal to form 
chloride, bromide, or iodide of sodium. 

When nitrogen is present this last test for halogens is not con- 
clusive, as the precipitate may be silver cyanide ; under these 
circumstances, the solution is boiled with dilute nitric acid for a 
few minutes until all the hydrogen cyanide is expelled, before 
adding silver nitrate ; if a precipitate is then formed the presence 
of halogen is proved. 

Sulphur may be detected by heating the substance with sodium 
in the usual manner and then testing the solution of the product for 
an alkaline sulphide by one (or more) of the following methods : 
(a) To a portion add a few drops of sodium nitroprusside solution 
(p. 360) ; a violet colouration indicates sulphide. ( b ) Boil a portion 
with nitric acid for a few minutes ; the sulphide is oxidised to 
sulphate and may be detected with barium chloride as usual, 
(c) Place a few drops on a bright silver coin ; a black stain (Ag 2 S) 
indicates sulphide. 

Sulphur, phosphorus, and arsenic may be detected by adding the 
substance, in very small quantities at a time , to strongly heated 
potassium carbonate previously mixed with about 5% of sodium 

. ! T . hc col ouration, if any, is caused by volatile compounds, such as copper 
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nitrate or peroxide ; these dissolved in 

phosphate, and arsenate respectively, l £ he above - 

and the ^ " 

^ substance with nitric acid m a 

sealed tube, as described later (p. 2b). 

There is no satisfactory test for oxygen in [ na , sis 

and its presence is deduced from the results of quanta 

(? Metals contained in organic salts may often b^detected^by the 

ordinary methods of analysis, h residue (compare 

compound and then test for the metal in 

pp. 14, 285). 

Quantitative Elementary Analysis 

Estimation of Carbon, 

the qualitative analysis general y substance, so the quanti- 
se nature of the elements presen tin the or 

tative analysis of an organic cornpoond usuaj^ts ^ 

more processes by means of «h t f certa in elements 

For this reason, and because the presenc ^ employc d, the 

necessitates slight changes in t e me , j ,he quantitative 
qualitative examination must be completed belore 4 

analysis is commenced. mnntitativc analysis is 

It is essential, of course, that before any qtianUt^^ ^ ^ 

undertaken, the substance un er ex ^ 1 d r \ c d until constant 

very carefully purified. If a sol. it ^^ ing . poin , should 

in weight in a desiccator or a ’ decomposes when it is 

then be observed ; if it does not melt, -dec-P^^ (comparc 

heated, it should be examine d . . a liqu id, its boihng- 
p. 11). When the compound to be analys 

point should be constant. „_„ m onlv adopted in the 

P The following account of the methods commonly ^ .1 t0 

quantitative analysis of organic com P , t jj s 0 f manipulation, 
indicate the nature of the processes ; the details in 

upon which success depends, can only be lean 

the laboratory. . already mentioned, 

All organic compounds, with t c e P.^ ducts arc brought 
arc oxidised when they or their ec p being converted 

into contact with red-hot copper oxide, the 
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into carbon dioxide , the hydrogen into water ; by employing a 
known weight of substance, and collecting and weighing these 
products of combustion, the percentage of carbon and of hydrogen 
may be readily determined (Liebig). The apparatus generally used 
for this purpose is shown in the accompanying figures. 

The calcium chloride or water tube (Fig. 7) is filled with 
granulated anhydrous calcium chloride, or with fragments of pumice 
moistened with concentrated sulphuric acid, and serves to absorb 
the water; the potash bulbs (Fig. 8) are partly filled with 



Fig. 7 Fig. 8 


potassium hydroxide solution (sp. gr. about 1-28), 1 the small tube (a), 
which contains anhydrous calcium chloride (or other dehydrating 
agent), serving to retain the aqueous vapour, which is taken up by 
the gases in their passage through the potash. The calcium chloride 
tube and the potash bulbs are carefully weighed before and after 
the combustion, the caps ( b , b), with which they are closed, being 
removed on both occasions ; the gain in weight of the former 
corresponds with the amount of water produced, and that of the 
latter with the amount of carbon dioxide formed. 

The combustion is carried out in a piece of hard glass combustion 
tubing (<j, b , Fig. 9), which is usually about 90 cm. long, and 12-15 
mm. in diameter ; part of the tube (/ to /) is filled with a layer of 
coarse copper oxide, kept in its place by loose asbestos plugs (e } e). 
Before the analysis is started the tube is heated in a combustion 
furnace (h) at a dull -red heat, and a current of air, carefully freed 


I he specific gravity of the potassium hydroxide solution is a matter of 
importance because the narrow tubes of the potash bulbs mav get blocked 
with crystals of potassium hydrogen carbonate if the solution is too con- 
centrated A U-tube containing soda-lime may be used instead of the 
potash bulbs. 
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from carbon dioxide and moisture-by being passed first through 
potash contained in the wash-bottle 
(g) and then through the two 
towers {h, j) 1 containing dry soda- 
lime— is led through it, in order that 
any moisture or traces of organic 
matter in the tube may be removed; 
the empty section only of the tube is 

then allowed to cool. 

The water tube {l) having been 
fitted into the end ( b ) through a 
rubber stopper, and the potash bulbs 
(m) attached by means of a short 
piece of rubber tubing, 0*15—0*2 g. of 
the substance, accurately weighed in 
a narrow porcelain or platinum boat 
(d), is introduced into the tube ; a 
freshly ignited roll of copper gauze 
(c) is then placed behind the boat in g 
order to prevent so far as possible 
any backward diffusion of the pro- 
ducts of combustion. When a very 
volatile liquid is to be analysed, it is 
weighed in a thin glass bulb (shown 
on a larger scale at n), which is after- 
wards placed in the boat (at d). The 
whole apparatus must of course be ai> - 
tight. 

A slow stream of air (about one 
bubble per second), carefully puri- 
fied, as before, is now passed through 
the tube, and the combustion of the 
substance is cautiously started by 
lighting the gas burners (beginning 
at c). As soon as the whole of the 
tube has been gradually raised to a 
dull-red heat, the current of air is 
turned off, and a stream of pure 

1 Two such sets of drying apparatus are ^suaUy and sSphuric acid, 
other for the oxygen. The towers (/»,;) may contain pum.ee 
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oxygen is passed, in order to burn any remaining organic matter and to 
oxidise the copper which has been formed by the reduction of some 
of the copper oxide ; finally, air is again passed until the oxygen 
is expelled from the apparatus. The whole operation occupies 
from U to 3 hours, according to the nature of the substance. 
The water tube and the potash bulbs are then disconnected, 
and their ends are closed with the rubber caps ; after they have 
been left for at least two hours to cool thoroughly, they are again 

weighed. . , , 

Now, since the gain in weight of the potash bulbs is due to the 

absorption of carbon dioxide, which has been formed during the 

combustion, tfths or ftths (C/C0 2 ) of this gain in weight represents 

the quantity of carbon in the amount of substance taken ; as also 

the gain in weight of the water tube corresponds with the amount 

of water formed, ^ths or *th (H 2 /H 2 0) of this increase represents 

the amount of hydrogen. 1 The percentage of carbon and hydrogen 

may therefore be calculated. 


Example. 0-1582 g. of substance gave on combustion 0 0614 g. 
of II 2 0 and 0-3620 g. of CO a ; therefore 0-1582 g. of substance 
contains 0-0614x1/9 = 00068 g. of hydrogen, and 0-3620x3/11 
= 0-0987 g. of carbon, so that 100 parts of the substance contain 
4-3 parts of hydrogen, and 62-4 parts ot carbon. 


If the substance consisted of carbon, hydrogen, and oxygen only , 
the difference between the sum of the above numbers and 100 must 
represent the percentage of oxygen ; the composition of the sub- 
stance, therefore, is : 

C 62-4% 

H 4-3% 

O 33-3% (by difference). 


The percentage of oxygen is always obtained by difference, there 
being no satisfactory method by which this clement may be directly 
estimated. 

The following points remain to be noticed in connection with the 
determination of carbon and hydrogen : When the substance 
contains nitrogen , it is necessary to insert a roll of bright copper 
gauze, about 4 inches long, into the front part (6) of the tube, in the 


1 The rounded atomic weights I I = 1, C = 12, O = 16, N = 14 are used 
here and in other calculations. 
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place of some of the copper oxide ; ' th» rol '^^^en 
the combustion, and serves to decompose any “ ld 

which may be produced durmg .he ^^“^"“tube and 
otherwise be absorbed by the water in , , j[ ver instead 

by the potash. When the substance contains a **£ “ ^halogen 

of copper, gauze must be used to prctc y ® apparatus, 
compound of copper, from passing into the absorpn tv 

Usually, in analysing a s “ bs ‘“" ce “"‘^^rSum’ps of fused 
fft^rtaVo/ copper oxide. ^ 

absorption ap- 

paratus is prevented. , 

Estimation of Nitrogen. Nitrogen may be estimate. ^m set e 
ways, the more common being as nitrogen by Dumas me 

as ammonia by Kjcldahl’s method. when 

Dumas' Method. This process is based °" ™ ^stances are 

ignited with copper oxide, nitr0 «®"?“* Wi f t ‘ cr> an d nitrogen (or 
entirely decomposed into carbon • » ’ passc d over 

its oxides). If the gaseous products then 

heated copper, to decompose the oxides^ n.trogen,^ ^ ^ 

collected over potash, the carbo • . volume of the 

residual gas consists of nitrogen ; y mca (0-15-0-4 g.), the 

gas obtained from a known weight of sullen e (0 5 0 *8^ 

percentage of nitrogen can be ^ ‘.^"estimation of 

out in a combustion tube similar en d (/>) 

carbon and hydrogen (Fig. 9), but containing in the 

a roll of copper gauze. 1 , d in a boat, but is 

The weighed quantity of substance no P ^ ox ide on 

intimately mixed with 10-20 g. o me y mixture 

a piece of glazed paper (or in a mortar) an ^ ‘ . 

is tipped into the tube so that it occupies P . . 1 

» In order to render the roll of gauze as ! «J C ^lnk^l-ho!.^ ‘dropped 
in a blow-pipe flame until thorough > .° • ’ j j n a test-tube ; the mcth\ 

into a little (1 c.c.) pure methyl alcohol contained surfaC e of copper, 

alcohol reduces the copper oxide Riving a h bt .f orc it is placed 

The roll is then heated at 160-180 for a few m mu cs ffom water and 

in the combust, on tube, in order to make sure that 

methyl alcohol. 
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The tube is now connected to a Schiff’s nitrometer (Fig. 10). 
This apparatus consists of a graduated tube ( a , c), provided with a 
stop-cock (a) and a reservoir (d), by raising which the tube may be 
filled with potash solution (sp. gr. 1-3), and which, when lowered, 
serves for reducing the pressure in the apparatus during the com- 
bustion ; the lower part of the tube ( c , b) contains mercury, which 

forms a seal and prevents the passage 


I n of the potash solution into the com- 

bustion tube (e). 

Before the substance is heated, the 
reservoir d is lowered, a is opened, 
and a stream of carbon dioxide, gener- 
ated in a Kipp’s apparatus or by 
heating native magnesite or sodium 
bicarbonate, is passed through the 
tube ; when it seems probable that 
a H the air has been expelled the 
v/e nitrometer is completely filled by 

Jr raising <-/, and a is then closed. If 

now the ascending bubbles are ab- 
b sorbed almost entirely by the potash 1 

the stream of gas is stopped ; if not, 
it is continued until the test is satis- 
factory. 

y In the meantime the burners under 

p . th e foil of gauze and the front part 

Ig ‘ °f the tube have been lighted, and 

, • . , . , when all this region has acquired a 

right-red heat, and the stream of carbon dioxide has been stopped, 
the mixture of substance and copper oxide is cautiously raised to and 

c rh„ a „ 1- T hCa ‘ Umil **“ <*•* to be evolved. Finally, 
the r><;t T!! C 1S ag ‘ Un P . 3SSeti tllrou Sh the combustion tube until 

appearance 'fT"” 8 '" bCC " ^ lled ' » shown by the dis- 
appearance oi the escaping bubbles. 1 J 

now p 'r eJ asidc for some hours t0 c ° o1 ; the 

in it and i tl > F / 1Sed until tllc P°tash is at the same level 

"mperatu ef A and Volume of nitrogen (»), the 

tunperature (t ), and the barometric pressure (B) are noted. 

"'birth is collected in thc'louree'on^''’ comple ' cl > ’ but th c volume of gas 

course of 2-3 minutes should be barely measurable. 
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The weight of nitrogen in the quantity of substance , since 
readily ascertained when its volume has been determined. ■ 
the volume t> is measured at f under a .pressure B- 7 .where Ti^ 
tension of aqueous vapour in mm. of mercur\, a ^ ^ P ^ 

t°, the volume V at 0° and 760 mm. would be 2 73+?’ 

As 22400 c.c. of nitrogen weigh 28 g. at N.T.P., the weight of 

t/ * Vy 28 

V C,C> 1S 22400 g ‘ . 

Example. 0-2248 g. of substance gave 7-1 c.c. of nitrogen measured 

at 16° ; B = 747 mm., T = 7 mm. 1 

. , . - < 740 x 27 j! x 28 n = 0 00817 g., and 

The weight of the gas is 7-1 * 76Q * 2 89 22400 

0-00817x100 

the percentage of nitrogen q-2248 

KjeldMS Method, used more particularly in 
tori es for the analysis of foods, fertilisers, etc., depends on h t 
that when many nitrogenous organ, c compounds > « “mplctcly 
decomposed with hot, concentrated sulphuric acid, th 
is obtained in the form of ammonium sulphate. 

The substance (0-5-5 ,.) is placed in a 
hard glass, and covered with about 20 c.c. o gent ly 

acid. The flask is then heated directly ^ process is 

at first, afterwards sufficiently to oi » j ar j c j n colour 

continued until the liquid (which is us “ , ha$ bcCome almost 
owing to the separation of carbonaccou L adding potassium 

colourless. As a rule this operation ,s hastened by adu. K,^ ^ ^ 

sulphate (5-10 g.) after the first 15- produced is 

raise the temperature. The ammonia which has^been^p of 

separated by distillation with an excess standard sulphuric 

steam (with the use of a splash bulb), collected in standard su.p 

acid, and estimated by titration. 

Estimation of Chlorine, Bromine, and ^odine. The halogens 
in an organic compound are generally estimated y 

> Some of the value, of T which are often required art the following : 

r w 12° h* , 1 } S 15.3 17-4 

When, however! a, he”, he ni.rigen is 

£3 " - temperature C. 
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devised by Carius , which consists in oxidising the substance with 
nitric acid at a high temperature in the presence of silver nitrate. 
Under these conditions the carbon is completely oxidised to carbon 
dioxide, and the hydrogen to water, while the halogen combines 
with the silver ; the chloride, bromide, or iodide of silver thus 
produced is collected and weighed in the ordinary way. The 
decomposition is carried out in a strong glass tube (a, b, Fig. 11) 
about 40 cm. long and 20 mm. in diameter, sealed at one end (a), 
in which is placed about 0-2 g. of silver nitrate, and then with the 
aid of a thistle funnel, fuming nitric acid (2—1 c.c.) ; the substance 
(0-15-0-2 g.) is weighed in a small ignition tube, which is carefully 



lowered into the larger one, and the open end of the latter is then 
drawn out and sealed, as shown at b. The tube is then placed in an 
iron case, and heated in a furnace (big. 1 1) at a temperature necessary 
to ensure complete decomposition, usually about 200°, during four 
hours ; in the case of very stable substances, a much higher tem- 
perature and prolonged heating are required. When quite cold the 
tube should not be removed from its iron case, but should be cautiously 
pulled or tipped forwards until the capillary just projects, using a 
cloth to protect the hand ; a Bunsen flame is then played cautiously 
on the tip of the capillary until the glass softens and blows out. After 
the pressure has been released, and a careful examination has shown 
that the capillary is not choked by any solid matter, the top of the 
tube » cut off ; all the acid and halide arc then transferred to a 
)eake r with the aid of distilled water, and boiled together gently during 
about 30 minutes ; the halogen silver salt is further treated as usual 
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the case of substances 'vh>ch d ^ quic klime (prepared 

heating the compound with pu ,/ > * com jJ ustion tu be, about 

by calcining marble) in a narro P charoing the tube, a little 
50 cm. long, and closed at one ■ ture thc su bstancc with 

lime is first introduced, and c • rerna i n dcr of the tube 

about 10 times its weight of quickhm , h gently to 

being nearly filled with quicklime The tube «• J>P ^ ^ 

form a clear channel for the passag f r ; iscd t0 a bright-red 

in a combustion furnace, the f -nmnosition of the substance, 
heat before proceeding with the de^ ^ cautiously shaken 

When quite cold, the conten acid solution is filtered from 

into an excess of dilute nitric :ac , prec i p itated with silver 

carbonaceous matter, and the halogen ,s prec.p. 

nitrate. . These elements may 

Estimation of Sulphur and P * eaJed tubc w ith nitric 
be estimated by heating the subs anc ' f i)vcr nitrate, 

acid, as described above, but 'V.thout the adrim n, ^ ^ phos . 

Thc whole of the sulphur is oxidts i * 1 timated by the 

phorus to phosphoric ac.d, wh.ch may then 

ordinary methods. < 

Another method for determining acids and some 

also halogens (applicable onl y ,ht ^ in heating the substance 
non-volatile neutral compound ). { ^ potas , ium nitrate or 

with a mixture of potassium * t colourless. 2 Here, again, the 

sodium peroxide, until the pro uc • sulphate or phosphate 

SS= wsasti ^ , , icrcby 

Micro-analysis. Processes of less than 

quantitative analyses can he cjrnc principles of these methods 
0 01 g. of an organic compound Th al)0VC| but special 

are, on the whole, similar h-ihncc is required. I his 

apparatus, including a very ^ sens* j' j of being very 

form of analysis presents the add. ' employed) without 

rapid (owing to thc small quantities of substance I > 

any sacrifice of accuracy. 

■ Shouid this precaution be nc 6 ,cctcd. .he lube ma, *> " 

‘"T sutSndyTree ' proportion of podium carbonate must 
otherwise an explosion may occur. 



CHAPTER 2 


DEDUCTION OF A FORMULA FROM THE 
RESULTS OF ANALYSES AND DETERMINATION 

OF MOLECULAR WEIGHT 


1 he quantitative analysis of a pure organic compound is usually 
made with one of two objects : (a) to prove that a particular com- 
pound is what it is supposed to be ; ( b ) to ascertain the percentage 
composition of some substance in order to determine its formula. 

In the first case, the results of the analysis are compared with 

the calculated percentage composition, and if the two series of 

values agree within the limits of experimental error, this fact is 

taken as evidence that the substance in question is what it was 
believed to be. 


Example. A substance obtained by oxidising a fat with nitric acid 
\\as susptete to be succinic acid, C 4 H 6 0 4 , and, on analysis, it gave 
the following results : C = 40-6, II = 5-1,0 = 54-3 (by difference) 
f°‘ thc P crce ntage composition of succinic acid, calculated 

ofT ' f r U 'i “ C = 4 ° 7 ’ H " 5>1 * 0 " 54-2 %, the results 

of th an j 1 \ SIS 3 ° r Slron ® con fi rm ator>' evidence as to the nature 
ot the substance under examination. 1 

-i formal SC f C ° IU L case > " bcre object of the analysis is to deduce 
arnl cd o the l "‘ bs !™ ce ’ thc P™«ss is just thc same as that 
is to siv tl rCSU IS ° t lC ' ,nd - vs ‘ s °f inorganic compounds — that 
VC cht Of h , P T mnge 0f eadl dcm ™ is divided by the atomic 
numbers bv dic e M ment ' ^ ra,i ° is then ^pressed in whole 
simple fraction of this valu,'""’ ^ l0 " CSt Va ‘ Ue 0r ^ SOme 

to be cT 84o' Tl C ° mpo f‘"o n ° f a substan ce is found 

carbon weighs t muci f ° rmU ' a - ““ “ ° f 

ratio between the number of m T ‘"l at ° m ° f h >' dro 8 en » the 

atoms of hydrogen is 84/12 • 16/1 or 7^ th ® nUmber ° f 

is C-H, a . / or 7 . 16 ; the formula, therefore, 


given 
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The results of combustions mH of • 

n to . . and of nitrogen determinations are usually 


to one decimal place only as rU nitr ° 8 . en 1 determinations are usual! 

onl> , as the second place has little significance. 
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Example. The percentage composition of a substance is C «= 39-9 

H = 6-7, O = 53-4 ; deduce the formula. 

Here the ratio between the number of atoms is found to be 3 33 . 

6 ’ 7 : 3 ' 33 ’ , 7 53-4 

c - ^ = 3-33, H = T = 6-7. 0 = - 3-33 ; 

and when each term is divided by 3-33 and experimental errors^ 

allowed for, the ratio of the atoms C . II . O 

ula of the substance, therefore, is CH t O. , 

Example. The percentage composmon of a sub^ q ^ . 

mined by analysis is C - 1 ^ * 

deduce the formula. 

Here the ratio is found to be : 

C = 1-66, H - 6-9, N = 3-35, O = 165 ; 

and when these values are all divided by 1-65, the formula. 
CH 4 N 2 0, is obtained. 

The ratio of the atoms determined experimentally is h " dl » 
expressed exactly by whole numbers, owing to unavoidable err^ 
and i, is sometimes difficult to be sure that the formula ob .n d 
from the simplified ratio is the correct one. In such i ca 
percentage composition is calculated from that (arm , £ andffie 

values so obtained are compared respective y w 
experimentally ; the difference between the ^ulated and expcr. 
mental percentage values for any element should not be more 

about 0-2-04. , . . . • the 

The formula deduced from the results of analysis y 

simplest expression of the ratio of the atoms m the mole^e and 
termed the empirical formula ; such a formula may, o ^ 
not, show how many atoms of each element the mole uh o * 
substance contains : formaldehyde, CH O, acetic acid < W 
and lactic acid, C 3 H,0„ for example have the same p ^ 
composition, and consequently, on analysis, they wou 
to have the same empirical formula, CII 2 0. 

In order to determine the molecular formula b^whic.^^ 

meant a formula expressing not only the ratio, “ weight of 
numbers of the atoms in the molecule, t e mo • n be proved 
the compound must be determined. If, for CX ^ n J P 0 ’ has a molecular 
that a compound of the empirical formula, 2 > . nQt 

weight = 60, its molecular formula must be 4 2 * 

CH a O or C 3 H,0 8 . 
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The determination of the molecular weight of a substance, there- 
fore, is of great importance, and for this purpose certain physical 
methods, based on the application of Avogadro’s hypothesis, are 
adopted ; molecular weights can rarely be established by quan- 
titative analysis alone, although the results of such analyses often 
afford valuable indications of the minimum value of the molecular 
weight, as will be seen from the following examples. 


Analysis oj Organic Salts for the Determination of 

Equivalent Weights 

In the case of organic acids, the analysis of a salt of the acid is 
often carried out ; the silver salt is generally used for this purpose, 
and a weighed quantity of the pure substance is ignited slowly in a 
porcelain crucible, when complete decomposition ensues, and a 
residue of pure silver is obtained. 

Example. The percentage composition of an organic acid is 
C = 39-9, H = 6-7, O = 53-4 ; its empirical formula is, therefore, 
CH ? 0. Its silver salt was prepared ; 0-2955 g. of the pure salt gave 

on ignition 0-1620 g. of silver, so that the percentage of silver in 
the salt is 54-82. 

Now, since 54-82 parts of silver are contained in 100 parts of the 
salt, 1 gram atom or 107-9 parts of silver are contained in 196-83 
parts of salt. The minimum molecular weight of the salt (its 
equivalent weight), therefore, is 196-83 ; and as, in the formation 
ot the salt from the acid, 1 part of hydrogen is displaced by 107-9 

un.o °i f S ‘Ln C ft th( ;. ec l uivalent "'eight of the acid is 196-83- 
, , ~~ Since, however, the acid is composed of carbon, 

ydrogen, and oxygen, the atomic weights of which are all taken 
as whole numbers, and as the analytical results are not free 
Irom experimental errors, the minimum molecular weight of the 
and may also be taken to be a whole number-that is to say, 90. 

Irir UmUm WC,ght ° f thc acid being 90, its molecular 

C H O 7 n l CH =° 'r 30) “ C *H.0 2 ( = 60), but may be 

3&4- ( =196%)" CaSC that ° f the siKer saIt "™ ld bc 

JmL CI Z' 1‘TT' "•** °f *» does 001 

establish the molecular formula of the arid If 

molecular formula, C„1I O and rnnt • i' f 1 16 3Cld had 1 ie 
able hvdroiren that ' ^ c nta,ncd two atoms of displace- 

hydrogen - that is to say, were dibasic - the silver salt, 
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r u o \o would afford the same percentage of silver as before 
t 6 li 10 U 6 Ag 2> wouiu r , cu | ate d as above, would 

and the minimum molecular weig , possible to 

* k a on Rut if the acid were dibasic, it ivus 1 t 

formula, C 6 H I2 U 6 . btiouiu me , evidence against 

be found impossible, the fact *n e ^ ^ 

the molecular formula, L e rl is u 0 , oui 

definitely settled. f , •. j th standard 

rs- w!lt 

**% s 

which, like ammonium chlor.de, un.te with ^ 

with auric chlor.de, S 1V '"8 and B'.IUuCl,, respcc- 

usually have the compositions, 2 , i c • jj c k asc such 

tively, where B' represents one molecule of a mono ache b^, ^ 

of the base can then be calculated. 

Example. The complex pbtinum salt “s its 

organic base gave on .gnmon of platinum arc 

minimum molecular weight . * , s 0 f t j K . metal are con- 

contained in 100 parts of the s.\ , , atomic wciuHt of platinum, 

tained in 529 parts of salt ; as 1 a 1 ■ * ^ 9 . The equivalent 

the minimum molecular weight o t ‘ base (C 3 ll w N), 

weight or the minimum molecular weight 

therefore, is .in.ri 

2 


or 


529 -(2 + 195-2+213) = 529-410-2 ^ ^ of s9 

2 " 2 


As in the case of acids, so in that of 

calculated from the analytical resu ts m.i n C i<lic and form 

weight of the compound. Some base « ^ , diaddic 
platinichlorides of the compos.t.on B .H^ » 

base of the molecular weight 1 1 8 would > t 
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taining the same percentage of platinum as the salt of a monoacidic 

base of the molecular weight 59. 

Other Methods of Examination. It will be seen from the above 
examples that, if there are any grounds for assuming that there is 
only one atom of any particular element in the molecule of the 
compound, the probable molecular weight of that compound may 
be calculated from the results of any analysis which gives the 

percentage of that particular element. 

This being the case, the probable molecular formula of a com- 
pound, other than an acid or a base, may often be determined by 
preparing and analysing one of its simple derivatives. 

Example. A liquid hydrocarbon has the percentage composition 
C = 92-3, H = 7-7 ; its empirical formula, therefore, is CH. On 
being treated with bromine, this hydrocarbon yields hydrogen 
bromide and a bromo-derivative consisting of C = 45-8, 
H = 3-2, Br = 51-0 %. The ratio of these elements being 
C = 3-82, H = 3-2, Br = 0-637, the empirical formula of this 
derivative is found to be CcHjBr. Now, since it is known from 
experience that, as a rule, the number of atoms of carbon in a 
molecule is not changed when a hydrocarbon is treated with 
bromine, the probable molecular formula of the hydrocarbon is 
C 6 II 8 ; it cannot be less than this, but it may be greater. A hydro- 
carbon, C 12 H 1S , for example, might give a bromo-derivative, 
C, 2 H 10 Br 2l and these compounds would have the same percentage 
composition as C G II 8 and C 6 Hj,Br respectively. 

The probable molecular weight may often be suggested with 
confidence if the boiling-point and the percentage composition of 
the compound are known. When, for example, acetone (p. 145) is 
distilled with diluted sulphuric acid (p. 418), it is converted into a 
hydrocarbon which, on analysis, is found to have the empirical 
formula, C 3 H 4 . The fact that this hydrocarbon boils at 163° 
affords very strong evidence that the molecular formula is not 
C 3 U 4 or C„H 8 , but probably C 9 H I2 , because it is known that other 
hydrocarbons, which contain only three or six atoms of carbon in 
the molecule, boil at temperatures much below 163°, and in the 
case of comparable compounds an increase in molecular weight is 
generally accompanied by a rise in boiling-point. 

1 he molecular formula of a gaseous compound may often be 
determined directly from the results of an explosion with an excess 
of oxygen in a eudiometer tube, a method which is partly chemical 
and partly physical. 

Example. 10 c.c. of a gaseous hydrocarbon were mixed with 100 c.c. 
of 0 x 5 gen and the mixture exploded. The volume after explosion 
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(measured a, .he wiihto.th 

rf- - -sr rs “ 

n C 'n cTt 2 voh) „Vco“, .he molecule of .he gas 

£“ 7t *sx ztt w"' *5 

formula is C 3 Hi : ... ~ 

p i_i + 30 2 = 2COi + 2H 2 0. 

Wd. 3 vol. 2 vol. 2 vol. (condensed). 

10 c.c. 30 c.c. 20 C.c. 

The Determination of Molecular Weight 
The principles on which the determination of molecular weight 
arc based are of course .he same for organic “ 

“SSS - : h 

i i f m »thnrU for the determination of molecular we „ , 
although described in many text-books of inorganic chcnns.ry, are 

8 ‘ One he of ' the more important physical methods by which the 
molecular weigh, can be ascertained is by a determmat.on of the 

vapour density since # 

Molecula r weight w = y j>.x2. 

Vapour density = 2 

Also, as one gram molecule of 

at N.T.P., the weight in grams of 2 1 4 litres oi b 

represents the molecular weight. . , „ vncr ; mC ntally, 

The vapour density of a substance ,s ascertamed xpenmenta^ 

(a \ bv measuring the volume occupied by the \apour « 

££ “substance a. kno.™ temper,- andp^re. or 

{b) by ascertaining the weight of a known to u ^ observed 

the substance at known temperature and prcssu _ 
volume of the vapour is then reduced to 0 ^ '* m., and ^ 

weight of a volume of hydrogen at 0 and /60 *" ’* ? , of thc 
corrected volume of the vapour, is calculated , U 

. This method, (6), is used mainly in the case of inorganic compounds. 
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vapour divided by that of the hydrogen gives the vapour density, 
from which the molecular weight is then deduced. A simpler 
method is to calculate the weight in grams of 22-4 litres of the 
vapour ; the result is numerically equal to the molecular weight. 

The molecular weight determined experimentally frequently differs 
from the theoretical value by several units, owing to experimental 
errors ; this, however, is of little importance, since all that is required 
in most cases is to decide between multiples of the empirical formula. 


Example. An organic liquid has the empirical formula, C 4 H 8 0 ; 
0-062 g. of the liquid gave 23-2 c.c. of vapour at 50° and 720 mm. 
What is its molecular formula ? 


The volume at 0° and 760 mm. = 23-2 x 


720 273 

760*273+50 


18-57 c.c. 


therefore 18-57 c.c. of vapour at N.T.P. weigh 0 062 g. Hence 

•062x22400 . ... 

22-4 litres weigh — ig 57 — = 74-8 g., the (approximate) molec- 
ular weight is 75, and the molecular formula is C 4 H 8 0. 


The determination of the vapour density is only possible, of 
course, when a substance can be converted into vapour without 
decomposition under the conditions of the experiment. In many 
cases, however, a non-volatile compound can be converted into 
some simple derivative which is volatile, so that, by determining 
the vapour density of the latter, the molecular weight of the parent 
substance can be ascertained. 


The following are two of the methods employed in determining 
vapour density : 

Gay-Lussac’s or Hofmann’s Method. A graduated baro- 
meter tube (a, b, Fig. 12), about 85 cm. long and 20 mm. wide, 
filled with and then inverted in mercury, is surrounded by a wider 
tube (r), through which is passed the vapour of some liquid boiling 
at a kno ,vn and constant temperature. 1 For this purpose the upper 
end of the outer tube (c) is connected with a vessel (A), usually made 
of copper, in which the heating liquid is kept in rapid ebullition. 
The condensed liquid escapes through the side-tube (/), and is 
collected for subsequent use. 

As soon as the barometer tube is at a constant temperature, a 
weighed quantity (about 0-05 g.) of the substance, contained in a 
small stoppered vessel (d), which it fills completely, is placed undet 


n/n T i h 4 C n^ q ? id r C To\T n,y J cm .P ,0ycd arc water (b.p. 100°), xylene 
(b.p. 140 ), aniline (b.p. 184 ), and ethyl benzoate (b.p. 213°). 
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the open end ( b ). The vessel immediately rises to the surface of 
the mercury in the tube, the substance vaporises into the Torri- 
cellian vacuum, and the mercury is depressed ; as soon as the lev cl 
becomes stationary, the volume of the vapour is noted. The tem- 
perature of the vapour is the boiling-point of the liquid employed 




Fig. 12 


Fig. 13 


to heat the barometer tube. The pressure is determined by sub- 
tracting the height of the column of mercury in the inner tube (a, b ), 
above the level in the trough, from the height of the barometer, 
both readings having been first reduced to 0 0 . 1 The weight of the 
vapour is that of the substance taken. 

The great advantage of this method lies in the fact that it affords 
a means of determining the vapour densities of substances under 
greatly reduced pressures, and therefore at temperatures very much 

1 By correcting for the expansion of the mercury. 


Org. 2 
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below their ordinary boiling-points, so that it can often be employed 
with success in the case of substances which would decompose if 
they were heated under atmospheric pressure. 

Victor Meyer’s Method. Owing to its simplicity, and the 
rapidity with which the determination may be made, this method 
is now used whenever possible ; the apparatus is represented in 
Fig. 13. The bulb tube (a, b) is closed (at a) by means of a rubber 
stopper, and is heated by the vapour of some liquid of constant 
boiling-point 1 contained in the outer vessel (c) ; as the air expands, 
it escapes through the narrow tube (</), which dips under the water 
in the vessel (e). As soon as the temperature of the bulb tube (a, b) 
becomes constant — that is to say, when bubbles of air cease to escape 
(from d) — the graduated tube (g) is filled with water and inverted 
over the end of d ; the stopper (a) is now removed, and a small 
bottle or bulb (d, Fig. 12) filled with a weighed quantity (about 
0 05 g.) of the liquid is dropped into the apparatus, 2 the stopper (a) 
being replaced as quickly as possible. The substance immediately 
vaporises, and the vapour forces some of the air out of the apparatus 
into the graduated vessel ( g ). When air ceases to issue (from d), 
the stopper (a) is at once taken out to prevent the water (in e) from 
being drawn into the apparatus. 

The volume of the vapour is ascertained by measuring the volume 
(a) of the air in the graduated tube (^), its temperature ( t ° ) and 
the barometric pressure (B) being noted. The volume of the air 
(in g) is not the same as that actually occupied by the hot vapour 
(in a, b), because the displaced air has been cooled, and is measured 
under a different pressure. Its volume now is (approximately) 
equal to that which the given weight of vapour would occupy under the 
same conditions of temperature and pressure. 

The temperature of the volume, v, of air being t° , and the height 


273 B 

of the barometer B, the volume at N.T.P. would be 

Z/S+t /oU 

neglecting the tension of the aqueous vapour. 3 * * * The weight of this 


i • , I T 0, 1 n0tc - p ' 32 V 11 ? determining the vapour density of a substance of 

high boiling-point, diphcnylamine (b.p. 302 ) or sulphur (b.p. 444’) may 

anRaal-'lml! ^ } may bc hcated at a constant temperature in 

placed in t* *° ^ ^ asbestos > or sand is 

8 Since only the approximate molecular weight is required (n 321 it is 

unnecessary to correct for ,he tension of aqueous tnpourT^ measuring^ 
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volume of vapour being known, that of 22-4 litres is calculated and 
the result gives the approximate molecular weight. 

The liquid in (r) should have a boiling-point at least 25° higher 
than that of the substance of which the vapour density is required 
in order that the latter may be rapidly vaporised— otherwise its 
vapour may condense higher up the tube. If, as is generally the 
case, the temperature of the air in the tube (<t, b) is lower at the top 
than at the bottom, this is of no consequence ; nor does it matter 
if the displaced air is colder than the vapour, or if the vapour is 
cooled a little while it is displacing the air. This is because any 
diminution in the volume of the air displaced from the tube {a, b) 
arising from these causes is exactly compensated during the sub- 
sequent cooling to f° ; the lower the original temperature, the 
smaller the subsequent contraction. If, tor example, the hot 
vapour measured 25 c.c. at 250 , but only displaced 24-04 c.c. of 
air owing to the latter being of the average temperature of 2 j 0 , the 
24 04 c.c. of air at 230’ would occupy the same volume as Jy c.c. 

at 250° if both were cooled to r. 

Determination of Molecular Weight by the Cryoscopic 

Method. When sugar is dissolved in water, the solution has a 
lower freezing-point than that of pure water, and the extent to 
which the freezing-point is lowered or depressed is, within certain 
limits of concentration, directly proportional to the weight of sugar 
in solution ; 1 part of sugar, for example, dissolved in 100 parts ol 
water, depresses the freezing-point about 0-058°— that is to say, the 
solution freezes at -0 058° instead of at 0°, the freezing-point of 
pure water ; 2 parts of sugar, dissolved in 100 parts of water, lower 

the freezing-point 0-116° ; 3 parts, 0174 , and so on. 

Solutions of other compounds in other solvents, such as acetic 
acid, benzene, etc., behave in a similar manner, and, in sufficiently 
dilute solutions, the depression of the freezing-point is W roxl - 
mately) proportional to the number of molecules of the iissou 
substance in a given weight of the solvent, and independent o t u 
nature of the substance. If, then, molecular proportions of various 
substances arc dissolved separately in a given (and sufficiently large) 
quantity of the same solvent, the depression of the freezing-point 
is the same (approximately) in all the solutions, but different with 
different solvents. From actual experiments with dilute solutions, 
the depression of the freezing-point, which should be produced by 
dissolving the molecular weight in grams of any substance in g- 
of a given solvent, can be calculated; the constant value, h, 
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which is thus found, is termed the molecular depression of that 
solvent. 

If, for example, 1 g. of cane-sugar dissolved in 100 g. of water 
depresses the freezing-point by 0-058°, 342 g. (i.e. the molecular 
weight in grams) would theoretically cause a depression of 19-8° = K. 

This constant having been deter- 
mined for any solvent, the molecular 
weight, M t of a substance can then be 
ascertained by observing the depression 
of the freezing-point of a sufficiently 
dilute solution, containing a known 
quantity of that substance. If 1 g. of 
the substance were dissolved in 100 g. 
of the solvent, the observed depression, 

Dy would be Kx because K is the 

depression produced by the molecular 
weight in grams — that is to say, by Mg. 
— and the depression varies directly 
with the weight of dissolved substance. 
If, again, P g. of the substance were 
dissolved in 100 g. of the solvent, 

p 

the depression, D = Kx hence the 



molecular weight M = 


Kx P 
D 


K and 


P being known, if the depression, 
D, is ascertained experimentally, the 
molecular weight, M, can be calculated. 

This method of determining the 
molecular weights of organic com- 
pounds was first applied by Raotilt, 
and is usually known as Raoult’s or 
the cryoscopic method. The observa- 
p ig |4 tion is made with the aid of the ap- 

paratus devised by Beckmann (Fig. 14), 
in the following manner : A large tube (A), about 3 cm. in diameter, 
and provided with a side-tube (B), is closed with a cork (C), through 
which pass a stirrer (a) and a thermometer (Z>) graduated to T J 0 °. 
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A weighed quantity (about 15 g.) of the solvent ts placed in the tube 
which is then fitted into a wider tube (D) ; the latter senes as an 
rh acke, and protects the solvent from a too rapid change in 
temperature The apparatus is now introduced through a hole in 
the metal plate (E) into a vessel which is partly filled with a liquid, 
the temperature of which is about 5= lower than the freeaing-po n, 
of the solvent. The solvent (in A) is now constantly stirred, where- 
upon the thermometer rapidly falls, and sinks below 
the freezing-point of the solvent, until the latter be- 
gins to freeze ; the thermometer now rises again 
but soon becomes stationary at a temperature which 
is the freezing-point of the solvent A weighed quan- 
tity of the substance is now introduced through the 
side-tube (B), and after the solvent has been allowed 
to melt completely, th t freezing-point of the solution 
is ascertained as before. The difference between 
the two freezing-points is the depression, D ; ; the 
molecular weight of the substance is then calculated 
with the aid of the above formula. 

Example. 1-24 g. of cane-sugar (C, 8 H„0,i). 
dissolved in 24-2 g. of water, caused a depression, 

D of 0-295° in the freezing-point, bince z g. 
of the solvent contain 1-24 g. of substance, P the 
quantity in 100 g. is 5'12g. The constant K, for 
water is 19 ; hence the molecular weight, M, ot 

19x5-12 , tnjj. 

cane-sugar is found to be Q.295 ’ 

value being 342. 

As in the determination of molecular weight from 
the vapour density , the experimental and theoretical 
values may differ by 10% or more ; but this is ot 
little importance, for the reasons already stated. 

The cryoscopic constants, K, for the sol- 
vents most frequently used are : acetic au , , 

benzene, 49 ; phenol, 75 ; water, 19 ; camphor, about 400 (p 

The thermometer used in such experiments 
and the total range shown on the stale is 01 > ■ capillary 

divisions corresponding with hundredths of a ^degree. ^ £ 

tube connected with the bulb terrmna i ts cautioU sly some 

shown in Fig. 15. and by warming the bum y 


Fig. 15 



38 


DEDUCTION OF A FORMULA 

of the mercury may be driven into this reservoir, and detached from 
the main quantity by gently tapping the thermometer. It is thus 
possible to diminish the quantity of mercury in the bulb (and to 
increase it again when required), so that the top of the column m 
the capillary thread stands at some suitable point on the scale, 
when the thermometer is at the temperature which is to be regis- 
tered in the experiment. All that is required is that the ther- 
mometer shall show differences in temperature with a high degree 
of accuracy. 

It was found by Jouniaux that the molecular depression, K , for 
camphor was exceptionally large, and on this fact Rast based a 
method for molecular weight determination, which can be rapidly 
carried out with very small quantities of substance. Further, as 
the melting-point of camphor is 180° and the depressions to be 
observed are so large (due to the large value of K), the latter can be 
determined with sufficient accuracy with an ordinary melting-point 
apparatus and an ordinary thermometer. The melting- (or freezing-) 
point of the camphor alone is first taken, and then that of the pre- 
pared solution ; the difference gives the depression, D. 

A known weight (about 0-01 g.) of the substance whose molecular 
weight is to be determined is mixed with a known weight (about 
0-1 g.) of camphor and the mixture is quickly melted and then 
immediately cooled. The melting-point of some of this mixture 
is then determined, but only slowly and with the aid of a lens ; 
the temperature at which the last trace of crystalline structure 
disappears is taken as the melting-point. The capillary tube should 
have an inside diameter of 2-3 mm. ; with the aid of a micro- 
balance, a determination can be made with less than 0 0003 g. of 
the compound. The value of K for camphor differs for different 
samples, and it is advisable to determine it by using a compound of 
known molecular weight. 

Determi ation of Molecular Weight by the Ebullioscopic 
Method. When molecular proportions of different substances are 
dissolved in fixed and sufficiently large quantities of a given solvent, 
the boiling-point of the solution is raised by the same amount in 
each case ; experiments with dilute solutions give the actual rise 
in boiling-point, and then by calculation, the molecular elevation — 
that is, the rise which should be produced by the molecular weight 
in grams of the substance in 100 g. of the solvent — may be deduced. 

The value thus determined is (approximately) a constant, K', 
but is different for different solvents ; if now the value of K' is 
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known, the molecular weight of a substance soluble in that solvent 
can be determined experimentally by finding the e eva 10 
boiling-point, E, produced by dissolving a known wc.gi ^ 

substance in a known weight of the solvent, the formula U = - £ - 


being employed. (Compare 

p. 36.) 

An apparatus, devised by 
Beckmann, is shown in Fig. 16. 

A known weight of the solvent 
is put into the tube («), the 
thermometer is placed in posi- 
tion, and some glass beads are 
poured through the side-tube 
(6) until the bulb of the thermo- 
meter is nearly covered ; the 
object of these beads is to en- 
sure a regular boiling of the 
liquid. The tube {a) is sur- 
rounded by the outer jacket (c), 
which also contains some of 
the solvent ; the object of this 
jacket is to prevent superheat- 
ing. The apparatus is then 
placed, as shown, on an asbestos 
frame (</), and the condensers 
(e, e) are fitted. The asbestos 
frame, which is provided with 
chimneys, (/, /), is then very 
gradually heated below, and 
when the solvent has been 



boiling constantly for some tig. 16 

time (at least five minutes) the ^ {c) is n ow 

position of the mercury thread is • ( in tabloid f (,rn '- 

removed, and a weighed quantity o ‘ com i C nscr being 

if a solid) is introduced through the s.de-t be the ^ ^ 

immediately replaced. 1 he temperature . . (( f t ] ic mcrc ury 

rises again, and in worn 'ij™ ^ncetLccn the readings with 
the'LlvervTand Ac solution respectively gives the elevat.on, S. 
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A simpler apparatus is that devised by Landsberger (Fig. 17). 
A suitable quantity of the solvent is placed in the tube (a), which 
is about 16 cm. in height and 3 cm. in diameter, and which has a 
small opening ( b ) for the escape of the vapour ; this tube (a) is 
fitted by means of a cork into a larger one (c) which serves as an 
air-jacket, and the outlet (d) of which is connected with an ordinary 



Fig. 17 


Liebig s condenser. The inner tube (a) is closed with a cork 
through which pass a thermometer, graduated to t?^° 9 and a tube (e), 
the end of which has been cut off in a slanting direction, or per- 
forated with a number of holes. The solvent in the tube (a) is not 
heated directly, but only by the vapour of the same solvent, which 
is generated in the flask (/) ; in this way superheating is avoided. 

The boiling-point of the solvent alone is first determined by 
heating the solvent in the flask (f) and passing its vapour through 
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the solvent in (a) until the thermometer shows a constant tem- 
perature ; the solvent in (a) is then mixed with that in the flask (/), 
about the same quantity as originally used being poured back into 
the tube (a). A weighed quantity of the substance is now placed 
in (a), and vapour from (/) is again passed until the temperature is 
again constant. The difference between the two readings gives the 
elevation, E. The weight of the solvent in (a) at the time of the 
second reading has now to be found, and the molecular weight of 

the substance can then be calculated. 

If the tube (a) is graduated, the weight of the solvent may be 
ascertained with sufficient accuracy by multiplying its volume by 
its specific gravity (approximate). The quantity of solvent origin- 
ally placed in (a) should be so chosen that by the time the solvent 
is boiling constantly the total quantity amounts to about 10 g. 

Example. 0-562 g. of naphthalene dissolved in carbon disulphide 
raised the boiling-point by 0-784°; the solvent alone weighed 
12-7 g., hence 100 g. of the solvent would have contained 4 4_ g. or 
substance. The constant, K', for carbon disulphide is 23-7 ; the 

23-7 x4-42 , 

calculated molecular weight, therefore, is q -784 “ ' e 

true value being 128. 

The ebullioscopic constants for the solvents generally used are : 
acetic acid, 25-3 ; benzene, 26-7 ; water, 5-2 ; ether, 21-1 ; ethyl 
alcohol, 11-5 ; acetone, 16-7 ; chloroform, 36 6 (per 100 g.). 

In the case of electrolytes the results of cryoscopic and ebullio- 
scopic determinations with solvents, such as water, acetic acid, and 
alcohol, show that the molecules of the dissolved substances are 
dissociated into simpler portions (ions). On the other han , some 
non-electrolytes, with solvents, such as ether, benzene, and carbon 
disulphide, give values indicating that the chemical molecules ot 
the dissolved substance are associated and form more or less complex 

aggregates. . - 

In the case of very complex substances the ordinary methods lor 
the determination of molecular weight are useless because such 
compounds arc non-volatile, and also because they give a depression 
of the freezing-point or elevation of the boiling-point so small that 
accurate measurements are impossible. This latter difficulty oes 
not arise to quite the same extent in measurements of osmotic 
pressure since larger readings are obtained ; a compound of M.W . 
100,000, for example, would theoretically give an osmotic pressure 
of about 8 mm. in 5% aqueous solution at O', but a freezing-point 
depression of only 0-00095°. Methods have therefore been de- 
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veloped for determining molecular weights by this method, but 
great experimental difficulties are still encountered ; the substance 
under examination is usually very difficult to purify and even small 
traces of impurities of low M.W. invalidate the results. It is also 
rarely that a flawless membrane can be obtained. 

Another method depends on measurements of the rate of sedi- 
mentation of the particles when a colloidal solution is centrifuged. 
It is found that the larger the particles, the faster they move to 
the outside of the container, and, by studying their rate of motion, 
the molecular weight can be calculated (Svedberg). This method 
also gives an indication of the homogeneity of the sample. 

Staudinger has shown that determinations of the viscosity of a 
solution can be used for determining molecular weights, as the 
viscosity bears a known relationship to the M.W. of the solute. 



CHAPTER 3 

CONSTITUTION OR STRUCTURE OF ORGANIC 

COMPOUNDS 

Even when the molecular formula of an organic compound has 
been established by the methods described in the foregomg pages, 
the most difficult and important steps in the invcstigat 

substance have still to be taken. . f t or more 

A ereat many cases are known of the existence of two or more 

compounds which have the same i,o/ f n,/«r /ormn/fl, an je d I 

in chemical and physical propert.es not only in th . sohd, bm also 

in the liquid and gaseous states - there are for exan pi 

pounds of the molecular formula, C,H 10 , three o 

formula, C 6 H 12 , at least six of the molecular formula, C.H.O,, 

S ° Now if the properties of a compound depended simply on the 
natur^ and number of the atoms of which its. molecule .s corn- 
posed, face such as these could not be explained. It must : be 
concluded, therefore, («) that the atoms of wh.c mol ecu e 
composed are arranged in a definite manner ; and W .1 a. when 
two or more compounds of the same molecular formula re knov 
the molecules of the one differ m arrangement, const.tut.on, 
structure from those of the other or others. 

ca^o^be'directly'observe^.H^is^ossible to obtain information as 

and (4) the chemical and physical properties of the 
The valency or atom-fixing power of an elemen 
the molecular formulae of those compounds which ^ ° 
of the element in question, united with other elements of^ known 

valency. Thus, in the case of carbon the molecu . 
compounds such as (a) CH„ and CHCl, ; (*) C0 2 and ^ * 
(0 C0C1, ; and (d) 1I0CN, which contain only one atom of car 

1 The relation between the structure and the ^y^al^ prop untl ] later 
compound (except that of optical acim >) affords very 

(Part III), but it may be noted here that X-roy anaiys^ molcculc . 

important information as to the arrangement of the atoms 43 
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in the molecule, are considered. In all these compounds the atom 
of carbon is combined with (a) 4 univalent atoms, ( b ) 2 bivalent 
atoms, (c) 1 bivalent and 2 univalent atoms, or ( d) 1 tervalent atom 
and 1 univalent HO group : that is to say, with four univalent 
atoms or their valency equivalent. With the exception of carbon 
monoxide, CO, no stable compound containing only one carbon 
atom is known, in which the carbon atom is combined with more 
or less than four univalent elements or their valency equivalent ; 
carbon, therefore, is quadrivalent , and this deduction may be 
expressed by writing its symbol, 

-L 


c= 


or 


— 


or 


=C= 


or 


In a similar manner the univalent hydrogen atom may be repre- 
sented by H— bivalent oxygen by 0= or — O— , tervalent nitrogen 

y V i ? r ^ ’ am * so on ’ tbe nuinber of lines drawn from the 

symbol then shows the valency of the atom. 

If , now, in the case of substances such as CH 4 , CH 3 C1, CHCL, 
in which the carbon atom is united with four univalent atoms, the 
symbol of each of the latter is placed at the extremity of one of the 
tour lines which represents a carbon valency, the following formulae 


H 


h-<Lh 


H 


H 

I 

-t — H 


H 


k 


Cl— 


<L- ci 

k 


thfrX 7 th .i Ca f C .° f s . ubstances suc h as C0 2 , C0C1 2 , COS, 
tint of rvn n° ° T t r J^, b * va,ent atoms is given two lines, and in 
Zee cyanic acd, I-IOCN (p. 362), the nitrogen atom is given 

o=c=o 


Cl 

Cl 


>C-0 S=C=0 H— O— C=N 

elerncnts^whose . tC . rmcd 8 ra P hic formulae, and the 

to be directly un V 7 °m, arC . Joinetl b >' one or more lines are said 

s. tssirsj ;• ' r ™— ? oa » 

£» -“"7 'T ‘h i " z 

■ UmtCd - The ,dca 15 *a. the carbon atom is holding or 
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fixing the oxygen atom and the two atoms of chlorine, the whole 
forming a molecule of definite structure. A graphic formula 
therefore, expresses the structure or constitution of the impound 
-that is to say, it shows not only the valency of each of he atom 
in the molecule, but also indicates the d.sp os.lwn of the a oms. I 
all such formulae, obviously, the number of lines running to or 
from any given symbol must correspond with the valency 
element ^represented by that symbol. The formula of cyan, aud, 
for example, should not be written H— O— C— N, or that o . 
dloxTde O-C-O, because the valencies of the elements are no. 

correctly indicated by the lines drawn from their symbo s. 

These lines, which represent units of valency, arc cal . 

links, or bindings; in the compound, q>C= 0, the chlorine 

atoms are said to be combined with carbon by one bond or bind- 
“ oxygen atom by two. The chlorine and oxygen atoms are 

not directly combined, but are both united with «b» . 

It is obvious that such lines or bonds may be horned or 
lengthened a. will without their significance being aUerul . a. 
rule they are shortened, as in the formulae, H O-C N and O.C.b 
whkh are then called structural or constitutional instead of 
graphic formulae, but these terms do not differ essentially. 

8 It may next be pointed out that although in a structural, con 
stitutional, or graphic formula, all the atoms in the mohetde a 
necessarily represented as lying in one plane (the p n ° 
paper), i, is known that the atoms in a , molccu < i are a c. 
in space of three dimensions (p. 2 6). In spite oi • 

the use of plane structural formulae, instead of mere molecular 
formic is P a prime necessity in the ease of organic compound 
for reasons which will be obvious later Consequently it is : essen. \ 
tha, the meaning of a structural formula and its Inn I " 
be clearly understood. Since the formula ,s no intern d d ^ to show 
how the atoms are arranged in space, but merely winch atoms are 
directly united to one another, it makes no difference Im v the 
formula is shown, provided that it fulfils tins condition and repre 
sents correctly the valencies of the elements in the molecule. hus, 

the formulae, Cl— C— Cl 

'Cl 


o=c 


/ 

X C1 


a 

c ^° 

x ci 


o 
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are equally good expressions of the structure of carbonyl chloride ; 
but no formula shows that the strength or stability of a bond depends on 
the elements united by that bond and on the structure of the molecule 
as a whole. 

In all the cases considered above, the structural formula was 
based on considerations of valency alone. An example may now 
be given in which the chemical behaviour of the compound must 
also be studied, before the structure of the molecule can be repre- 
sented by a formula. 

The compound ethyl alcohol has the molecular formula C 2 H e O. 
On the assumption that hydrogen is univalent, oxygen bivalent, 
and carbon quadrivalent, the molecule of ethyl alcohol might be 
represented by one of two graphic formulae (i) and (n), which 
correspond respectively with the structural formulae : 



CH3-CH0-OH CH S — O — CH 3 

1 11 

Now, ethyl alcohol is readib acted on by sodium, yielding a 
compound of the composition, Col bXaO, which is formed by the 
displacement of one hydrogen atom (a) by one atom of the metal ; 
the other five hydrogen atoms in the molecule of ethyl alcohol 
cannot be displaced, no matter how large a quantity of sodium is 
employed. Again, when ethyl alcohol is treated with hydrogen 
chloride, one atom of hydrogen and one atom of oxygen are displaced 
by one atom of chlorine, a compound of the composition, C 2 H 5 C1, 
being formed : 

c 2 i-i,o+hci = c 2 i-i 5 ci+h 2 o. 

When this compound is heated with water it is transformed into 
ethyl alcohol, one atom of chlorine being displaced by one atom of 
oxygen and one atom of hydrogen ; the change, in fact, is the 
reverse of that represented above. 

I'rom these and other experiments it is concluded that ethyl 
alcohol contains one atom of hydrogen (a), combined different^ 
from the other five. Also, that one atom of hydrogen is closely 
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associated with the oxygen atom, forming a univalent group —OH ; 
if this were not the case, it would be difficult to understand how one 
atom of univalent chlorine could displace, or be displaced by, one 
atom of univalent hydrogen and one atom of bivalent oxygen. 

Hence a study of the chemical behaviour of ethyl alcohol shows 
that the structure of its molecule is expressed by formula (i) given 
above; a compound of the structure represented by formula (u) 
would show a totally different behaviour, as is proved later (p. 12S). 
Further, since the compound, C 2 II 5 C1, does not contain a hydrogen 
atom which can be displaced by sodium, it is concluded that the 
particular hydrogen atom (a) in ethyl alcohol, which is displaceable 
by sodium, is that which is closely associated with the oxygen atom ; 
hence the structure of the sodium derivative is written C 2 H s -ONa 
or CH 3 CH 2 ONa. 

Now, any compound, such as propyl alcohol, C a H„0 (p. IIS), 
which behaves in the above-mentioned respects like ethyl alcohol, 
under the same conditions, must be supposed to contain one atom 
of hydrogen and one atom of oxygen in the same state of combina- 
tion as in ethyl alcohol, and may be represented by a formula such 
as C 3 H 7 (OH), which expresses this conclusion. 

The constitution of a compound, therefore, may be ascertained 
by carefully studying its chemical behaviour under various con- 
ditions, and also, if possible, by comparing its behaviour with that 
of other compounds of known constitution. Compounds which are 
found to show a similar behaviour are considered to contain atoms 
or groups of atoms in a similar state of combination. 

It is thus possible, with the added help of valency considerations, 
to determine the state of combination of all the atoms of which 
the molecule is composed, and to express the results in a structura 
formula ; this formula then shows not only the constitution or 
structure of the compound, but also summarises in a concise 
and simple manner the more important chemical properties 
of the compound. The physical properties, such as solubility, 
boiling-point, etc., arc also determined by the structure, as well as 

by the composition, of the compound. 

In structural formulae in general, each of the M/nvalent atoms is 
to be considered as directly united to that atom, the symbol of "hie 1 
it immediately follows or precedes without the interposition o a 
line (or dot, or bracket). Thus in the formula CI1 3 CI1 2 01 , 
CHj CHj OH, or CH 3 CH 2 (OH), the three hydrogen atoms of 
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the CH 3 — group are directly combined to the carbon atom of this 
group ; the two hydrogen atoms, and also the hydroxyl group 
( — OH) which follow the second carbon atom are directly united 
to it. In order to avoid any misapprehension on this point, the 
graphic and structural formulae already given for ethyl alcohol 
should be carefully compared. 



CHAPTER 4 

THE PARAFFINS, OR HYDROCARBONS OF THE 

METHANE SERIES 


It has already been noted that carbon differs from all other elements 
in forming an extraordinarily large number of compounds with 
hydrogen ; these compounds, composed of hydrogen and car 

only, are called hydrocarbons. , 

Methane or Marsh-gas, CH„ it the simplest h > ,droc “ bo " | 
is met with as its trivial name implies, in marshes and other places 
‘in whil the decomposition or decay of vegetable 
place under water ; when a marshy pond or swamp is st.rred, 
bubbles, consisting mainly of methane and carbon dioxide 
quently rise. I. is one of the principal components of the pM 
streams out of the earth in the petroleum distr.e s of Amenc , 
Russia etc • it also occurs in coal-mines, the gas (fire damp), 
which ’issues' from the fissures in the coal, sometimes containing as 
much as 80 - 90 % of methane, to the presence of • ™ xed ™ 
air, explosions in coal-mines are often due. Ordinary coal gas 

-bon and hydrogen 

at a^temptnammof .boutW I. is also obtained w-yrogen 
sulphide (or steam), together with the vapour of carbon disulph.de, 
is passed over heated copper (Berthelot), 

CS 2 +2H 2 S+8Cu = CH 4 +4Cu 2 S, 

CS 2 +2H 2 0+6Cu = CH 4 +2Cu 2 S+2CuO, 

and when a mixture of carbon monoxide and 1 hydmgen^ U passed 

over finely divided nickel which is heated at • n h 

are all examples of a complete synthesis of the gas, because all 

reagents involved can be obtained from their elements^ 

Methane is also formed when chloroform (p. 76) 

* The words formed, obtained, or P™<W are US ^ ^" t one To'r'the 
is of general theoretical importance but is not a convement 

actual preparation of the compound. 
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tetrachloride (p. 79 ) 1 is reduced with sodium amalgam and 
water , 2 

CHCI 3 + 6 H = CH,+3HC1, 

CC1 4 +8H =-- CH 4 +4HC1, 

and when methyl magnesium iodide (p. 236) is decomposed by 
water, an alcohol, or an amine (primary or secondary, p. 213), 

CH 3 -Mgl+HoO = CH,+MgI OH, 

CH 3 • Mgl + C 2 H 5 • NH 2 = CH 4 + C 2 H 5 • NH • Mgl. 

Methane is prepared 3 by heating anhydrous sodium or potassium 
acetate (1 part) with soda-lime 4 (4 parts) in a hard glass tube, 
retort, or copper flask, 

CH 3 • COONa+ NaOH = CH 4 4-Na 2 C0 3 . 

The gas obtained in this way and collected over water contains a 
small proportion of hydrogen, ethylene (p. 85), and other impurities ; 
if, however, anhydrous barium hydroxide is used instead of soda- 
lime, the methane is nearly pure. 

Pure methane is prepared by dropping a solution of methyl 
iodide 5 in about an equal volume of 95% alcohol, from a stoppered 
funnel, into a flask containing a large quantity of a zinc-copper 
couple . 8 The methyl iodide is reduced by the nascent hydrogen, 
formed by the action of the aqueous alcohol on the zinc-copper 
couple, and a slow but continuous evolution of methane takes place 
without the application of heat, 

CH 3 I+ 2 H = CH 4 +HI ; 

the gas is passed through a tube containing some damp zinc-copper 


1 Many compounds are often unavoidably mentioned long before their 
properties are described ; in such cases references are often given. 

1 The common reducing agents used in organic chemistry are listed before 
the Index. 

5 The word ‘ prepared ’ is used when the given method can be carried out 
in the laboratory with apparatus and chemicals, which arc commonly avail- 
able, and does not involve expert manipulation ; when also the weight of 
the product (the yield) is a satisfactory percentage of that theoretically 
obtainable. On the large scale, the cost of the product and the risk of danger 
from fumes, fires, and explosions are the main considerations. 

* Soda-lime (footnote, p. 14) maybe represented in equations as NaOH. 

The univalent groups of atoms. CH S — , C-1I 6 — , C,H,— , and C*H,— , 

are termed methyl, ethyl, propyl, and butyl respectively (p. 80). 

I he zinc-copper couple is prepared by heating copper powder (obtained 

• /‘ educir )5. *he 9 x '^ e ' n hydrogen) with small pieces of clean zinc foil, or 
with zinc filings, in an atmosphere of coal-gas, until the mixture has caked 
together. 
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couple, in order to free it from methyl iodide, and collected over 

"hi similar manner, all halogen derivatives of methane (p 70) 
may be converted into the hydrocarbon by reduction in a suitable 

m Methane is an almost odourless, colourless gas,' boiling at 
-161-5° 2 or at -11° under a pressure of 180 atmospheres l 
almost insoluble in water but rather more soluble in alcohol. It 
burns with a pale-blue, non-luminous flame, and forms an explosiv 
mixture with certain proportions of air or oxygen, 

CH.,+20 2 = CO,+ 2H z O 1-211,900 cal. 

1 vol. +2 vol. = 1 vol.+2 vol. 

Methane reacts with steam at 800-900" in the presence of nickel 

and alumina, CH 4 +H 2 0 = CO+3H 2 , 

and when the resulting gaseous mixture is passed low. -ferric ox.de 
at about 500° with more steam, carbon dioxide ai g 

are produced; four volumes of hydrogen are thus obtained 
from P one of methane. This is an important commercial method. 
f Methane is very stable ; when passed through bromine, potash, 
nitric acid, sulphuric acid, or a solution of potassium Permanganate 
o chromk acid, it is not absorbed or changed in any 
mixed with chlorine in the dark it is not attacked but f mixture 
of about 1 volume of methane and 2 volumes of chlorine *» P“- 
to direct sunlight an explosion ensues, and carbon is deposited, 

CH.+2C1, = C+4HC1. 

In diffused sunlight there is no explosion, but afters.^ 
mixture of hydrogen chloride and four other compounds is produce , 
the proportion of each depending on tha, of the reagents, and on 

the conditions of the experiment : 

PH 4- Cl - CH C1+HC1 CH 4 +2C1 2 = CH. 2 C1 2 +2HC 

LH 4 +U 2 - tn 3 U+nvi Methylene dichlondc 

Methyl chloride 

CH 4 +3C1 2 = CHC1 3 +3HC1 

Chloroform 

All these compounds are formed by the ^f^or^The 
more hydrogen atoms by an equivalent quantity of chlorine. 

i 

pressure (760 mm.). 


CH,+4CU=CC1,+ 4HC1 

Carbon tetrachloride 
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carbon atom cannot combine with more than four univalent atoms, 
so that hydrogen must be displaced if any action at all takes place. 

Now, it may be supposed that in the formation of methyl chloride, 
CHjCl, for example, one of the hydrogen atoms is displaced by 
one atom of chlorine without the other atoms in the molecule being 
disturbed or their state of combination altered ; this view may be 
represented diagrammatically as follows : 






In the formation of methylene dichloride, CH.,CL, it may be sup- 
posed that a repetition of this process occurs, and so also in the 
cases of the other products ; in other words, it may be assumed that, 
in all the above examples, the action of the chlorine is not such that 
the molecule of methane is completely broken up into atoms, which 
then, by combination with chlorine, form totally new molecules, 
but that certain atoms simply change places. To such reactions as 
these, in which certain atoms are merely displaced by an equivalent 
quantity of other atoms, without the state of combination of the 
rest of the atoms being altered, the term substitution is applied, 
and the compounds formed, as the result of the change, are called 
substitution products. 

The four compounds mentioned above are substitution products 
of methane and of one another. Methyl chloride, CH 3 C1, is a 
wowo-substitution product, methylene ///chloride, CH,C1 2 , a di- 
substitution product of methane, and so on ; chloroform, CHC1 3 , 
is a //-/-substitution product of methane, and also a ///-substitution 
product of methyl chloride. 

Similarly, when by treatment with nascent hydrogen in the 
manner described above, any of these substitution products is 
converted into methane, the change is a process of substitution. 

I he only way in which it is possible for a chemical change to 
occur in the case of methane and its chloro-substitution products 
is by a process of substitution. The atom of carbon already holds 
in combination its maximum number of atoms, some of which must 
be displaced if any other atom enters the molecule. Compounds 
such as these, which can only yield derivatives by substitution, and 
in which the maximum combining capacity of all the carbon atoms 
is exerted, are termed saturated compounds. 
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Ethane, C 2 H 6 , like methane, occurs in the gas which issues from 
the earth in the petroleum districts. It is formed when me 
chloride or, more conveniently, methyl iodide is heated with sodium 

in dry ethereal solution (Wurtz reaction), 

2CH 3 I+2Na = C 2 H 6 +2NaI ; 

this process affords a possible means of preparing ethane from its 
dements because methane can be formed from its elements, as 
already slated, and then converted into methyl chloride by treatmen 

™ ‘EthtlcTproduced when ethyl magnesium bromide (p. 235) is 
decomposed with water or with an alcohol, 'eact.ons snalogou 
to those which occur in the case of methyl magnesium todtde 

(P It 50) is also formed when ethylene (p. 85) is treated with 
hydrogen in the presence of platinum black, even at ordinary 

temperatures, ^ 

Ethane is prepared by reducing ethyl iodide with the zinc-copper 
couple and aqueous-alcohol, exactly as described in the preparation 

pure methane, w+ffl _ ^hj. 

Also, by the electrolysis of aqueous > »“" c a " d - 0r “"“tk”cid 

aqueous solution of potassium acetate ( ) . hvdroecn 

is used, ethane and carbon dioxide are evolved at the anode, hydrogen 

at the cathode, 


CHvCOOH CH 


chJcooh 




+ 200 - 2+^2 I 


when potassium acetate is’ employed the same gases are evolved as 

^Ethane is an odourless, tasteless gas, which boils at - 
liquefies at 4° under a pressure of 46 atmospheres , P ^ 
insoluble in water, slightly soluble in alcohol. I 1 J ab , P 

erties are very similar to those of methane. It is mllam. 

1 The sodium is best used in the form of wire, which is obt.uncd 
aid of a sodium press. 



54 


THE PARAFFINS 


burns with a feebly luminous flame, and can be exploded with air 
or oxygen : 

2C,H 8 +70 2 = 4C0 2 +6H 2 0 
2 vol. + 7 vol. = 4 vol.+ 6 vol. 

It is very stable, and is not acted on by alkalis, nitric acid, sulphuric 
acid, bromine, or oxidising agents, at ordinary temperatures. When 
mixed with chlorine and exposed to diffused sunlight, it gives 
various substitution products, 1, 2, 3, 4, 5, or 6 atoms of hydrogen 
being displaced by an equivalent quantity of chlorine : 

CH.,CHXI CII3CIICI2 

Ethyl chloride Ethylidenc Jictiioride 

or chlorocthane or dichJorocthane 

The final product is hexachloroethane, 

C.II e 4 6CI., = C a CI«+6HCl. 

Ethane, like methane, cannot combine directly with chlorine or 
with any element ; it is a saturated compound. 

The constitution or structure of ethane is expressed by the formula, 


II 11 



or 


CH3CH3, 


H H 

which is securely founded on considerations of valency. The two 
atoms of carbon must be directly united, because a univalent 
hydrogen atom could not link the two carbon atoms together ; as, 
moreover, carbon is quadrivalent, each of the carbon atoms must 
also be directly united with three atoms of hydrogen. 

Propane, occurs in petroleum, and can be obtained by 

reducing propyl iodide or isopropyl iodide (p. 75) with zinc and an 
acid, or with the zinc-copper couple and water, 

C 3 H-I+2H = C 3 II 8 ^1II. 

It is also obtained (together with ethane and butane) by heating 
a mixture of ethyl and methyl iodides with sodium, 

C.H s HCH,I+2Na = C,H. + 2NaI, 

and by decomposing propyl magnesium bromide with water, 
alcohol, or an amine (p. 50). 

Propane is a gas, and closely resembles methane and ethane in 
chemical properties, but it bums with a flame more luminous than 
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that of ethane. It is sold in cylinders for use as a fuel and is also 
employed as a solvent and refrigerant in the petroleum industry. 

When treated with chlorine in diffused sunlight propane yields 
propyl chloride and other substitution products, one or more 
hydrogen atoms being displaced by an equivalent quantity ot 

chlorine, 

C 3 H 8 +C1 2 = C 3 H 7 C1+HC1. 

The constitution of propane is represented by the formula, 

H H H 

H— i— i— i— H, or CH 3 CH 2 -CH 3 , 

Ui 

which is based, of course, on considerations of valency but which 
is fully confirmed by a study of the derivatives of the hydrocarbon 
(p. 119). Propane may be regarded as derived from ethane, j 
u ethane may be considered as derived from methane, by the 
substitution of the univalent group of atoms CH 3 - for one atom 

^Butanfs" C 4 H 10 . Two hydrocarbons of the molecular formula, 
C 4 H,o, are known. One of them, normal butane, can be obtained 
by heating ethyl iodide with sodium, 

2CH,CH,I+2Na - CH s CH,-CH, CHj+2NaI. 

The other, irobutane, or trimethylmethane, is formed when tertiary 
butyl iodide (p. 117) is reduced with sodium amalgam and water, 

(CH,) S CI+2H = (CHJbPH+HI. 

These two hydrocarbons, which have been proved to have the same 
molecular formula, are yet different in properties A though they 
are both gases under ordinary conditions, normal butane bquefic 
at about O’, irobutane not until about -12°. under amosplwric 
pressure. In chemical properties they closely resemble propane 
and one another. They give substitution products with chlor me, 
but every compound obtained from norma nitancisi t . 

the substance of the same molecular formula, which ,s produced 

from nobutane. , . r _„ rmn i 

Constitutions of the two butanes. The productio 
butane from ethyl iodide in the above-mcnt.oned manner indicates 
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that this hydrocarbon is formed by the union of two CH 3 -CH a 
groups. It is, therefore, represented by the formula, 

H H H H 

H-U-cLcLh, or C.H.-C.H,, or CH.-CH.CH.CH,. 

| | | Normal butane 

H H H H i 

Normal butane, in fact, may be regarded as propane in which one 
atom of hydrogen has been displaced by the univalent CH 3 — group. 

When, however, the graphic formula of propane is carefully 
considered, it will be seen that the eight atoms of hydrogen are not 
all in the same state of combination relatively to the rest of the 
molecule, but that two of them (a), 

(*) 

H H H 

H— C— ft— H, or CH 3 — Clio— CH 3 , or CH 2 (CH 3 ) 3l 

A A A (a) ' (a) 

(«) 

are united with a carbon atom which is itself combined with two 
carbon atoms, whereas each of the other six atoms of hydrogen is 
combined with a carbon atom which is united with only one other. 
In order to derive from propane a hydrocarbon having the structure 
of normal butane, one of the six similarly situated hydrogen atoms 
must be displaced by a CH 3 — group. If, on the other hand, one 
of the (a) hydrogen atoms were displaced by a CH 3 — group, the 
constitution of the product would be represented by the formula, 

H H H 

H— i i H, or CH 3 — CH— CH 3 , or CH(CH 3 ) 3 . 

h I A d:H, 


X X 

H-i 


H— C— H 


/jobutane 

II 


H 

It is thus possible to account for the existence of two hydro- 
carbons of the molecular formula, C 4 H 10 ; the molecules of the 
two compounds differ in structure and consequently also in properties. 
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It is next important to note that the above two are he only 
formulae which can be constructed with four atoms of carbon and 
"ms of hydrogen, on the assumption that carbon ,s quadn- 
valen^d hydrogen univalent. Graphic formulae, such as 


H 

\ / H 
h \ X 

)C H 
H i/ H H 

H/ X 

h/ X H 


or 



which a. firs, sight might seem to express consriuttedifferent 
from either of those given above, will, on examina , 
identical with one of the latter. Furthermore, . must be con 
eluded that formula (.) represents the const.tut.on of norma' ■ . 

which is formed from ethyl iod.de, and formu'a (n) tha of ^ 
butane (or trimethylmethane), winch .s produc d by * 
tertiary butyl iodide (p. 82 ), a compound known to have 

structure, ~ T . 

CH 3 >C<f Hs 
01,3 1 

These conclusions are confirmed by a study of {a) oilier met o s 
of formation, (b) derivatives of the ^0 hydrocarbons. 

Pentanes. Three hydrocarbons of th * ^ "j “I ntane (b .p. 
C H,,, are known ; two .of .them , namey, n and „ e 

colourless mobile liquids ■ the third, tetramethylmethane (b.p. 

9-5°), is obtained synthetically (p. 64 ). t : ve i v repre- 

The constitutions of the three pentanes are respeemely repre 

sented by the following formulae : ^ 

CHj-CHjCH^CHj'CHj CH 3 - CH a - CH < CH “ 

_ Jjopcntaoe 

Pcnianc 

CH 3 ^ r ^ CH 3 

CH 3 >C< CH 3 

Tetramethylmethane 
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These are based on considerations of valency, as well as on a study 
of the methods of formation of the compounds and of the properties 
of their derivatives. All three hydrocarbons may be regarded as 
derived from the butanes (pentane and isopentane from normal 
butane, tetramethylmethane from l'sobutane) by the substitution of 
a CH 3 — group for one atom of hydrogen. 

Isomerism. Compounds, such as the two hydrocarbons, C 4 H 10 , 
or the three hydrocarbons, C 5 H 12 , which have the same molecular 
formula , but different constitutions or structures, are said to be 
isomeric. The phenomenon is spoken of as isomerism, and the 
compounds themselves are called isomers or isomerides (Gr. 
isomeres , composed of equal parts). Isomerism, as already ex- 
plained, is due to a difference in the disposition or state of combina- 
tion of the atoms in the molecules, and isomeric substances always 
differ more or less both in physical and in chemical properties. 

If one hydrogen atom in each of the three pentanes were displaced 
by a CII 3 — group, a number of isomeric hydrocarbons, C fl H 14 , 
would be obtained, from each of which, by a repetition of the same 
process, other hydrocarbons, C-H I8 , might be formed, and so on. 
It is evident, then, that theoretically a great number of hydrocarbons 
may exist, and as a matter of fact very many have actually been 
obtained, either from petroleum (p. 65) or in other ways. 

As the number of carbon atoms in the molecule increases, the 
number of possible isomerides rapidly becomes larger ; 7 isomerides 
of the molecular formula, C 7 H I6 , 18 of the formula, C S H 1S , and no 
less than 366,319 of the formula, C 20 H 4 2 could, theoretically, be 
formed. 

The hydrocarbons, methane, ethane, propane, etc., are not only 
all produced by similar reactions, but they also show very great 
similarity in chemical properties because they are similar in structure ; 
for these reasons they are classed together and are known collectively 
as the paraffins, or hydrocarbons of the methane series. The 
class name paraffin was assigned to this group because paraffin-wax 
consists principally of the higher members of the methane series 
(see below). Paraffin-wax is a remarkably inert and stable substance, 
and is not acted on by strong acids, alkalis, etc. ; the name paraffin, 
from the Latin parum affinis (small or slight affinity), was given to 
it for this reason. All the paraffins are saturated hydrocarbons. 

Homologous Series. When the paraffins are arranged in the 
order of their (increasing) molecular weights they form a series, the 
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molecular formula of each member of which contains one amm of 
carbon and two atoms of hydrogen more than the molecular formula 

of the preceding member : 

Methane CHj ) differ ence CH 2 

Ethane C 2 H 6 | d jff er encc CH 2 

Propane C 3 H 8 j dijTercnce CH 2 

Butane C 4 H l0 


difference CH 2 
difference CH 2 


Pentane C 5 Hi 2 

Such a series, the members of which are — £ 

CH 2 , and indeed any organic compound contaimn„ > 

is, theoretically, a member of * resemble 
Although the members of a homologous sen y gimilar in 

one another in chemical behaviour, ecau - cs undc rgo 

structure, both the chemical and the physi ht increases . 
a gradual and regular variation as the n of al , thc 

General Formulae. The molecu ar a eral 

members of a homologous senes can be expres. y B , 
formula. In the case of the paraffin scr t ^ 
is C n H 2n+2 , which means that m ; in 

of carbon in the molecule there zx = 8 That this is so 

propane, C :1 H 8 , for example, n , 0 f SO me of the 

can be readily seen by writing the graphic forn 

paraffins in the following manner . I H 1 H 

H 

H-i-H H-CC-H 

i HH 111111 

when it is at once obvious that there are not only two^atoms of 

hydrogen for every atom of carbon but a so 

The' molecular formula of a gaseous paraffin may, be ^ ^ 

the explosion method already descri e (p. > j molecular 

liquids 5 and solids a quantitative elementary ^ and 

weight determination are necessa y. g distingu i s hcd and 

isomeric paraffins in general, may often e 


H— CCC— H 
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identified by their boiling-point, melting-point, specific gravity and 
absorption spectrum. 

Nomenclature. In olden times organic compounds were 
named in a haphazard manner, very often according to their origin, 
as, for example, marsh-gas, wood-spirit, spirit of wine, and so on ; 
or on a relationship, real or assumed, to some known substance, 
the structure of which, however, might not have been determined. 
Many such trivial names, often translated into Latin, Greek, etc., are 
still in common use. Nowadays, as soon as its structure is known 
a compound may be given a name from which this structure can 
be deduced provided that the relevant system of nomenclature has 
been studied. 

For this purpose all the members of the homologous series of 
paraffins are now distinguished by names ending in ane, a termina- 
tion which, by convention, is used only to denote saturated hydro- 
carbons. And except in the case of the first four members (named 
before the system was adopted), each name has a Greek prefix, 
which shows the number of carbon atoms in the molecule, as, for 
example, pentane, C 3 H 12 , and hexane, C e H l4 . 

When isomerides became known, and had to be distinguished, 
this was done with the help of additional conventions and the 
following are now in general use : All those paraffins in the molecules 
of which no carbon atom is united to more than two others are 
classed as normal (or ;i) hydrocarbons, e.g. normal pentane, normal 
hexane, and so on, 

CH 3 — ch 2 — ch 2 — CH 2 — CH 3 , 

n-Pcntanc 

ch 3 — ch 2 — ch 2 — ch 2 — ch 2 — ch 3 .» 

n-Hcxanc 


Solely from the look of their formulae, as written or printed, 
the normal hydrocarbons then became known as straight chain or 
unbranchcd chain compounds. 

The isomerides of the normal paraffins, showing chains in which 
a carbon atom is united to more than two others, were then 
called branched chain compounds, among which those containing 
the group (CH 3 ) 2 CH — were distinguished as iso-paraffins, e.g. 
isopentane, wohexane ; for convenience the hydrogen atom ’of a 
>CII— group is known as a tertiary hydrogen atom. 


1 These two formulae may also be 
CH 3 [CII 2 ] 4 CH 3 respectively. 


expressed by CH 3 [CH a ] 3 -CH 3 and 
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Finally, when the molecule contains a carbon atom directly 
united to four others, as shown below, the paraffin is termed 

quaternary hydrocarbon, 

CH 3 | H3 

CHj-i-CH, CH,— C-CH-CH, 

(^H CH 3 

3 Trimethylcihylmethane 

T etramethylmct nane . j 

As the number of known isomerides gra ua . \ * n ^ r . • 'l t ^ c 
became necessary to devise some further method by ^ the 
structures of the compounds could be expressed m the « ^ 
This was done by regarding each paraffin except the normal (and 
possibly the iso) compound as a derivative of methane, and 

it accordingly, as in the examples just given. K ut a l S o 

A more general system, by which not only th i p rata but also 

all their substitution products are gi'cn na , ’ ■ 

numerical additions or Greek letters, express t her structures, 

that elaborated by a convention held in Geneva in U. 

(1) The name is based on that of the longest norm. 1 or straight 

chain in the molecule, and any hydrocarbon groups nornia l 

form links in this chain are regarded as substituen s in$ 

chain. Thus, as the longest normal chain in whexan A ^ ^ 
five carbon atoms only, this hydrocarbon is a i' st norma l 

derivative of pentane, whereas the compounc (n), i ^butane 
chain of which contains only four carbon atoms, is a duneth) \butane, 

C H 3 — CH— CH— CH 3 


CH-CH 2 -CH -ch 3 


in, ilH; 


I 


II 


(2) The carbon atoms of the normal or straight chain are then 
numbered, or lettered in order, starting from either ci , _ 

the position in the molecule of any substituent can 


fi 

2 


A 

4 


CH 2 ClCH(CH 3 )-CH 2 CH 2 Br 

1 The numbering or lettering usually w as 
nearer to the principal substitucnt(s), i>o 
low as possible. 



62 


THE PARAFFINS 


(3) The name of the paraffin or its derivative is then that of the 
longest normal chain, preceded by the name or names of its sub- 
stituents (in an agreed order) with the appropriate numbers or 
letters. The following formulae with their names will further 
illustrate this system : 


ch 3 

— ItH— CH o— CH,— 


CH. 


C 2 H 6 


Cl 1 3 V/l A V/l X 2 

2-Mcthylpentanc, 

/3-Methylpcntane 


2-CH 3 


CH 


d:H— ch,— <!:h— ch,— 


• 2 V/A XL CH 2 

2-Methyl-4-ethylhcxane # 
£-Mcthyl-£-ethylhcxane 


CH 


3 


Cl-CH 


CH 3 CH l 
, — CH— i^H — 


CHo- Cl 


2:3-Dimelhyl-l:4-dichlorobutane, 

^y-Dimcthyl-i^-dichlorobutanc 


It will be evident that when this system is adopted the structure of 
the compound can be deduced from its name, but it must again be 
emphasised that except in the case of the normal compounds, the 
name does not express directly the number of carbon atoms in the 
molecule. 

Since the members of a homologous series, as a rule, can be 
obtained by similar or general met’, ids, if these are given it is then 
only necessary to describe, in addition, any special method for the 
preparation of a particular compound. In view, also, of their great 
similarity in chemical properties, a detailed account of each com- 
pound may be omitt;,i, if the general properties of the members 
of the series are described ; the physical properties may also 
be dealt with in a general manner, since they undergo a regular 
and gradual variation as the molecular weights of the members 
increase. 

The following is a summary of the principal facts relating to the 
paraffins, treated in this way ; it will be found advantageous to omit 
the study of this and all other summaries until the main text of Part /, 
at least, has been read. 


SUMMARY AND EXTENSION 

The Paraffin or Methane Series. Saturated hydrocarbons of 
the general formula, C n H 2n+J . Some of the simpler members of the 
series are the following : The number of possible isomerides is 
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indicated by the figures in brackets, and the boiling-points of the 
normal hydrocarbons are given : 


CH« 

C 2 H # 

c 3 h 8 

c 4 h 10 

C s H lt 


b.p. 

-161-5° 

-89° 

-42° 

-0-55' 

36° 


Hexane (5) 
Heptane (9) 
Octane (18) 
Nonane (35) 
Decane (75) 


C„H 14 

C;II I6 

C„H i8 

C9H20 

C 10 Hj2 


b.p. 

69° 

98-5° 

125-5° 

150-7° 

174° 


Methane 
Ethane 
Propane 
Butane (2) 

Pentane (3) ... 

Nomenclature. The names of all 

(also called the alkanes) end in ane and have O F , e . 

except in the first four, the number of carbon atoms in the mo 

the chain is numbered or lettered as alrea y e mQUS quan - 

Occurrence. The paraffins are found m nature ^ jn natural 
tities as petroleum or mineral naphtha in s • ^ Q ^ formed in thc 
gas, and as earth-wax or ozokerite (p. )• nt ilvtic hydro- 

low temperature carbonisation of coal and y 

genation of the products of cracked petro cum. salt 0 f a fatty 

Methods of Formation or Preparation ( ) 
acid (p. 160) is heated with potash, soda, or soda-hm , 

CHj-COONa+NaOH = CHj+NajCOj, 

c 3 h 7 -cook+koh = c 3 h 8 +k 2 co 3 . 

(2) The halogen substitution products of thc paraffins art redu 
with nascent hydrogen, 

CH 3 C1+2H = CH.+HC1. 

C,H,I+2H = CjHe+HI. 

(3) Thc alkyl halogen compounds, in ethereal solution, 
with sodium or zinc (Wurtz), 

2C*H s H-2Na = CjHs-C.Hs+^Nal. 

2CH 3 I+2Na = CH 3 CH 3 +2NaI. 

(4) The zinc alkyl compounds (p. 2 ”> ar Vj" ^Tarfdccompos'S 
(Frankland), or the alkyl magnesium halides p. 233) 

with water, an alcohol, or a primary or secondary bast (p- 

Zn(CH 3 ),+2H a O - 2CH4+Zn(°H)t. 
C 3 H 7 -Mgl+H,0 = C,H,+Mgl-OH. 

(5) The alkyl halogen compounds are treated with the /.me a 
derivatives, or with thc alkyl magnesium halides, 

2CH 3 I+Zn(C*H 6 ), = 2 CH,-C,H*+Znli. 
CiH 5 I+C*H 5 -MgI ■= C 4 H, 0 +MgI*. 
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Tertiary or quaternary paraffins are often obtained in this way, 

(CH 3 ),CHBr+CH 3 MgI = (CH 3 ) 3 CH+MgBrI, 

(CH 3 ) 3 CCI +CH 3 MgCl = C(CH 3 ) 4 +MgCl 2 . 

(6) Aqueous solutions of the sodium or potassium salts of certain 
fatty acids are submitted to electrolysis (Kolbe), 

2CH 3 -C00K+2H 2 0 = CH 3 -CH 3 +2CO a +2KOH+H 2 . 

This reaction is of limited application (propionates, for example, give 
ethylene and a little butane), but it has been used for the preparation 
of very high members of the series. 

(7) Olefines and acetylenes are reduced with hydrogen in the 
presence of nickel ; this method is of great value as many olefines 
are readily obtained from alcohols of known structure, synthesised 
by means of the Grignard reagents (p. 235). 

(8) Hydroxy-derivatives of the paraffins are reduced with hydriodic 
acid at high temperatures, 

CJVOH+2HI = C 2 H 6 + H 2 0 + I 2 . 

Physical Properties. The first four members of the series are gases, 
while those containing from 5 to about 16 atoms of carbon are liquids 
under ordinary conditions ; the boiling-point rises regularly as the 
series is ascended, but the difference between the boiling-points of con- 
secutive normal hydrocarbons gradually diminishes (see table). The 
higher members of the series, from about C 18 H 31 (m.p. 1S C ), are solids. 
1 he specific gravity gradually increases from butane (sp. gr. 0-6) 
until the higher members are reached, when it becomes almost 
constant at 0-775-0-780, this value being determined at the melting- 
point of the compound in the case of solids. 

The paraffins are insoluble, or nearly so, in water, but they are 
miscible win i alcohol, ether, and many other organic liquids. 

Chemical Properties. I he paraffins are characterised by great 
stability. At ordinary temperatures the lower normal compounds are 
not acted on by nitric acid, fuming sulphuric acid, sodium, alkalis, or 
such powerful oxidising agents as chromic acid and potassium per- 
manganate, and even at higher temperatures they are only very slowly 
attacked ; they are, therefore, easily distinguished from unsaturated 
hydrocarbons (p. 94), which combine with bromine and with sulphuric 
acid and are readily oxidised. They react, however, with chlorine 
and, but far less readily, with bromine in diffused sunlight with the 
formation of substitution products, the halogen displacing hydrogen 

r, e r mor e readily than that of a -CH 3 group, and most 
readily that of a >CH group (a tertiary hydrogen atom). Iodine has 
no action on the hydrocarbons. Some paraffins are attacked by ozone 
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at ordinary temperatures ; methane, for example, gives formaldehyde. 
The higher paraffins, especially those containing a tertiary hydrogen 
atom, are more reactive than the lower members of the series and this 
atom may often be displaced directly by N0 2 , SOiH, , etc. 


Natural Petroleum 

In various districts of North America, in Baku, south-east Russia, 
Iran, and in other parts of the world, a gas escapes from the earth 
under considerable pressure, either from a natural fissure or a 
drilled hole. This natural gas is variable in composition, but 
usually contains a large proportion of methane and hydrogen, 
small quantities of other gaseous paraffins, and other hydrocarbons. 
It is employed as a fuel and for the manufacture of methyl alcohol 
(p. 106) and other compounds (p. 367). Some natural gas, as, or 
example, that of Dexter, U.S.A., contains helium (1*84, 0 ), wh,ch 
has been used in airships because ot its non-inflamma >i it) . 

In the localities already mentioned and in many others, enormous 
quantities of petroleum or mineral naphtha 1 are also obtaine , eit ter 
from natural springs or from artificial borings. The wore pro 
duction of petroleum is over 250 million tons per annum. 

The origin of natural gas and petroleum is unknown, but it is 
possible that these mixtures of hydrocarbons have xen pro 
by the destructive distillation, in the lower layers o t ic ear 
crust, of the fatty remains of (sea) animals or plants, or > 1 K Jc 
of water on carbides 2 ; the slight optical activity (p. ° 

samples of petroleum supports the former view. • 

Crude petroleum is specifically lighter than water and vanes 
greatly in consistency and colour, being generally a t uc c 
or brown liquid, with a greenish colour when viewc )} ™ ^ 
light. It consists almost entirely of a complex mixture o 1 
carbons, that obtained from Pennsylvania and from ran 
composed chiefly of paraffins, that from Baku contains ar0 
hydrocarbons, such as toluene, and those of the nap t ene or 
paraffin series (p. 406). 

Natural petroleum is not employed in a raw state, but it is the 
source of many substances in general use. 1 hese commcrci. 


1 Greek, naphtha, a volatile, inflammable liquid issuing water, 

2 Certain carbides, such as aluminium carbide, are deco p 

giving paraffins, „ . , ~ 

A1.C.+6H.0 = 3CH*+2Al*Oj. 


Org. 3 
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products are obtained from the crude oil by fractional distillation 
and the fractions are then purified, if necessary, by treatment with 
absorbents, such as bauxite (which removes coloured substances, 
p. 6), or by chemical processes. 

Some of the more important fractions are : Benzine (b.p. 35-80°), 
petroleum ether or petrol (b.p. 40-70°), gasoline (b.p. 70-90°), and 
ligroin or light petroleum (b.p. 80-120°), colourless mobile liquids 
used in petrol-engines and also as solvents for fats, oils, etc. ; 
cleaning oil (b.p. 120-150°), employed for dry-cleaning purposes, 
and as a substitute for oil of turpentine in the preparation of 
varnishes ; refined petroleum , kerosene , paraffin, or burning oil 
(b.p. 150-300°), used for illuminating purposes, heating, and Diesel 
engines ; the portions collected above 300° are employed as 
lubricating oils, and also give vaseline, paraffin-wax, etc., and the 
residual carbonaceous mass is used for electrical purposes. 

All petroleum products of low boiling-point are highly inflam- 
mable, forming explosive mixtures with air (used in petrol-engines); 
they should be handled with extreme caution. Petroleum for use 
in lamps should be free from the more volatile paraffins, as shown 
by a determination of its 1 flash-point ’, otherwise it may give rise 
to dangerous explosions. Although corresponding fractions of 
petroleum from different parts of the world may differ in their 
chemical composition, any two of a given range of boiling-point 
have much the same outward properties and arc used for similar 
purposes. 

Ordinary paraffin-wax is also obtained from the tar which is 
produced by the destructive distillation of cannel-coal or shale. It 
is a waxy substance, soluble in ether, etc., but insoluble in water ; 
its melting-point ranges from about 45-65°, according to its com- 
position ; its principal use is for the preparation of candles (p. 254). 


\\ hen shale tar is fractionally distilled, it yields several liquid 
products similar to those obtained from petroleum, which are used 
as solvents, for illuminating purposes and as fuel ; also a mixture 
of solid paraffins, or paraffin-wax, which is purified by treatment 
with concentrated sulphuric acid and redistillation. 

Ozokerite is a naturally occurring solid paraffin or earth-wax 

which is found in Galicia and Rumania ; it is purified by treatment 

with concentrated sulphuric acid, and when decolourised is known 
as cere sine. 
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The Cracking of Petroleum 

The great demand for the more volatile liquid Mrootrbo"* 
(petrol) obtained from crude petroleum by fractional I djsttlla t on, 

and the relative cheapness of some of the fractions of hig g 

point have led to the introduction of commercial processes, known 
as cracking, by which the latter can he partially transformed mt 
the former. In this process the mixtures of hydrocarbon, of high 
boiling-point are passed under pressure through tubes or cl amber , 
heated above a dull-red heat. Very complex reactions occur^gas, 
containing various hydrocarbons, is evo ve , an P ' bon8 0 j 

the original liquid is converted into a mixture oi ) _ 

much lower boiling-point, which can be used inpetrd engines Of 
for the manufacture of various other compounds at the sa 
there is a separation of carbon or of hydrocarbons of very to* 
molecular weight, decomposition and combination going on side 

by Th d e C use of catalysts in this process renders it possible to bring 

about the desired changes at a much lower temperatt , <* 
modify the results very materially and obtain better J, ^ ° the 
volatile liquids. Many different substances have been so mp o eU 
not only metals such as iron and copper, but metulhc : ox. | <• s m - > 
alumina and titanium dioxide, and salts such as o ummiu .. el lor, 

As some of the unsa.urated hydrocarbons ,n these » 

readily oxidised in the air and have a nasty smell 
containing these substances may be reduced with y g 
presence of nickel (p. 405), and thus converted into 
petrol substitutes; alternatively, the two process y 
bined by cracking in the presence of ljydrog^- from the 

The importance of the cracking industry can arccrac k c d. 

fact that at least 120 million tons per annum are mven on 

Some of the many products of cracked petroleum 

p. 368. 

Fuels for Internal Combustion Engines 

The power developed by a given petrol ^com- 

engine increases as the mixing ° comprcssio n reaches a 

pressed prior to ignition , whe , ’ instca d of burning, 

certain limiting value, the nnxwre knocking, is 

and the efficiency of the engine, which then 
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diminished. By a gradual increase of the compression the knock 
rating value or octane number can be found for any such fuel. 

The octane number depends on the composition and structure 
of the fuel components ; 2:2:4 -trimethylpentane (below), miscalled 
iso-octane, is taken as the standard and given the value 100. The 
octane number of any other fuel is then expressed by the percentage 
of 2:2:4-trimethylpentane which, in admixture with n-heptane, has 
the same knock rating as that fuel. 

In general the normal paraffins have low, whilst those with branched 
chains have much higher, octane numbers ; olefines and aromatic 
hydrocarbons also have higher values than normal paraffins. 

During investigations on knock rating, etc., many complex hydro- 
carbons have been synthesised in an almost pure state ; normal 
heptane, for example, has been prepared by condensing butyraldehyde 
(butanal) with acetone and reducing the product first to a saturated 
ketone and then to the paraffin, 

C,H 7 • CHO +CH 3 ■ CO • CH 3 — ► C 3 H 7 • CH:CH • CO • CH 3 — ► 
c 3 h 7 -ch 2 ch 2 coch 3 — ► C 3 H 7 -CH 2 CH,CH 2 CH 3 . 

2:2A-trimethylpentane is prepared from isobutylene (from cracked 
petroleum), which with sulphuric acid gives di-tVobutylene, a 
mixture of 2 AA-trimethylpen tene- 1 and 2AA-trimethylpentene-2 ; 1 
this mixture is hydrogenated and thus converted into the required 
paraffin, 

yrCH 2 :CMe • CH 2 • C.\Ie 3X 

CH 2 :CMej<T 1234 > CH 3 CHMe-CH 2 -CMe 3 . 

*CH 3 - CMe:CH- CMe 3 

It may also be prepared by the direct combination of isobutylene 
and isobutane in the presence of 20% sulphuric acid at 70°, an 
example of a remarkable process known as alkanation, 

Me 3 CH+CH 2 :CMe 2 = Me 3 CCH 2 CHMe 2 . 

The knock rating of a given petrol is greatly increased by the 
addition of lead tetraethyl ( anti-knock ) which is now added to 
almost all motor and aviation fuels ; in order to prevent the deposi- 
tion of lead liberated during the explosion, sufficient ethylene di- 
bromide is also added to convert all the lead into its bromide. 

Nowadays little, if any, petrol is a direct or ‘ straight ’ fraction of 
natural petroleum as any such would have only a very poor knock 
rating value ; it is all blended from products obtained from cracked 
petroleum, from carbon monoxide, or from coal. When a mixture 


n , ame °f cac h of these olefines shows the 

Sc'ml': ’ 1,C u the d °, U r b,e . bmtlin e (indicated by the terminate ene, 
P- 93) commences . the paraffin chain is numbered from the other end. 
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of carbon monoxide and hydrogen is passed over a ca^yst of 

activated iron, cobalt, or nickel at ordinary a " d stea L 

200° the chief products are at first carbon dioxide and steam. 
After the lapse of some hours, however, other reactions set in and 
Cn andwater are produced ; the oil consists of paraffins and de- 
fines, from the lower members up to solid waxes, and after suable 
fractionation etc., furnishes many products similar to those 
ob, led from natural petroleum (FUcher-Tropsch method) 
Petrols Diesel oils, heating oils and lubricating oils are also ob 
tained by the low temperature carbonisation or catalytic high 
pressure hydrogenation of coal (Bergius process). 



CHAPTER 5 


HALOGEN DERIVATIVES OF THE PARAFFINS 

When the paraffins are treated with chlorine, substitution occurs, 
and one, two, three, or more atoms of hydrogen are displaced, 

CH 4 +C1 2 = CHjCl+HCl, 

CII 3 C1+C1 2 = CH 2 C1 2 +HC1, 

giving chloro-substitution products of the paraffins. Such com- 
pounds, however, are usually prepared by other methods, as the 
action of chlorine on paraffins is slow and incomplete and a complex 
mixture of products may be formed. Similar compounds of 
bromine and iodine (almost invariably prepared indirectly) are 
known, and all these substances are classed together as halogen 
substitution products of the paraffins. They may be divided into 
mono-, di-, etc., substitution products according to the number 
of halogen atoms in their molecules ; thus CH 3 C1 and C 2 H 5 Br are 
mono-, CILBr, and C,H 4 CI 2 are di-, CHC1 3 and CHI 3 are tri-, and 
CC1 4 and C„II._,Br, are tetra-substitution products. 

Such compounds may also be regarded as halogen esters of known 
or hypothetical alcohols. Corresponding fluorides arc also known. 

h I ono-halogen Derivatives 

1 liese compounds are usually obtained from the alcohols 
(p. 106) ; they form homologous series of the general formula, 
C f.H 2n+ i-X, where X = Cl, Br, or I. 

Methyl chloride CH.Cl Methyl bromide CH 3 Br 

Ethyl chloride C.II ; C1 Ethyl bromide C a H s Br 

Propyl chloride C 3 II : C1 Propyl bromide C 3 H : Br 

Methyl iodide CH 3 I 
Ethyl iodide C ; H 5 I 
Propyl iodide C 3 H 7 I 

Methyl chloride, or chloromethane, 1 CH 3 C1, is one of the four 
substitution products obtained by treating methane with chlorine 
in da.' light, and is formed in small proportions when methyl alcohol 
is heated with concentrated hydrochloric acid, 

cii 3 oh+hci = ch 3 ci+h 2 o. 

1 This nomenclature is explained later ( P . 81). 
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It is prepared by passing hydrogen chloride into methyl alcohol 
containing anhydrous zinc chloride (Groves' process), as described 
in the ease of ethyl chloride (below) ; also by hea.mg methyUlcoM 
with sodium chloride and concentrated sulphur, c acd, that ,s 
sav with hydrogen chloride and sulphuric acid. 

It is a gas, which liquefies a. -24” under ordinary atmospher 
pressure. ? It burns with a green-edged flame, is moderately ea y 
soluble in water, and when heated with water or aqueous alkahs 
under pressure, it is converted into methyl alcohol, 

CH 3 CI+HOH = C 1 I 3 OH + 1IC1. 

Methyl chloride is employed on the large scale 
of various dyes, and the compressed gas ,s also used for the pro 

duction of a low temperature ; for these purposes it may b 
faemred by healing crude trime.hylamine hydrochlor.de (p. 2.9) 

with hydrochloric acid, 

N(CH 3 )j,HC1+3HC1 = 3 CH 3 CI+NH 4 CI, 

or by the methods given above. ...... , , 

Methyl bromide, CH ,Br (b.p. 4-5°), and methyl iodide, CH 3 
(b o 43°1 are prepared by methods similar to those employed in 
the 5 case 'f he corresponding ethyl compounds, which they closely 

resemble in chemical properties. The “ * 

fire extinguisher, especially in aircraft, and methyl iodide ,s a vc y 

important reagent in organic chemistry (pp. . j ’ j J^en ethane 

Ethyl chloride, or chloroethane CoHjCI, is tor 

is treated with chlorine in daylight, and when alcohol is heated 
with concentrated hydrochloric acid, or treated with phosph 
pentachloride, or trichloride, at ordinary temperatures 

C,H,-0H+PC1, - C 2 H s C1+POC1 3 +HC1. 

Ethyl chloride is prepared by Groves' ptocess-namcly, by passing 

dry hydrogen chloride into absolute alcohol, t 

its weight of anhydrous zinc chloride has been added, 

c 2 h 5 oh+hci = C 2 H 5 C1+H 2 0. 

1 The action of an acid on an alcohol v Tmplmvd lolnS' he reaction 
zinc chloride and sulphuric aud arc usu. « > (compart . p . 18K). The* 

in die equal ion allhnugl, .heir P-™cc - 
«— * ,ake ,,laci ' 

(p. 108). 
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The flask containing the mixture is connected with a reflux 
condenser and is provided with a safety tube. As soon as the 
solution is saturated with hydrogen chloride, it is gently warmed 
on the water-bath, when ethyl chloride and alcohol pass off ; the 
alcohol vapour is cooled as it passes up the condenser, and the 
liquid runs back into the flask. The gaseous ethyl chloride is passed 
through three wash-bottles containing water, dilute aqueous alkali, 
and concentrated sulphuric acid respectively, by which means it is 
freed from hydrogen chloride, alcohol, and moisture ; the purified 
ethyl chloride is then collected in a U-tube immersed in a freezing 
mixture. 

Ethyl chloride, like methyl chloride, may also be prepared by 
tvarming a mixture of anhydrous alcohol, concentrated sulphuric 
acid, and sodium chloride ; it is obtained commercially by the 
combination of ethylene and hydrogen chloride under pressure in 
the presence of a catalyst such as aluminium chloride, charcoal, or 
bauxite. 

It is a liquid, boiling at 12-5° ; it burns with a greenish, smoky 
flame, and is only sparingly soluble in water, but it is miscible 1 
with alcohol, ether, etc. When heated with water or aqueous 
alkalis under pressure, it yields ethyl alcohol, 

C 2 H 5 C1+H0H = C,H 5 OH+HCl ; 

on treatment with chlorine in sunlight, it gives di-, tri-, etc. sub- 
stitution products of ethane. It does not give an immediate 
precipitate with an aqueous solution of silver nitrate, but from a 
warm alcoholic solution, silver chloride is quickly precipitated, 

C 2 H 5 Cl+AgN0 3 = C 2 I I 5 • O • N0 2 + AgCl. 

Ethyl chloride is used as a local anaesthetic in dentistry, etc., as a 
refrigerant, and for preparing lead tetraethyl (p. 235). 

y d e, or bromoethane, C 2 H 5 Br, is formed when 

alcohol is heated with concentrated hydrobromic acid, or treated 
with phosphorus tribromide or pentabromide, at ordinary temp- 
eratures, 

C 2 H 6 OH+PBr 5 = C 2 H 3 Br+POBr 3 +HBr. 2 

It may be prepared by adding coarse hydrated sodium bromide 
(NaBr, 211,0 ; 37 g.) to a cold mixture of alcohol (37 c.c.) and 

* Two or more liquids are miscible when they give a homogeneous solution 
in nil proportions. 

2 Compare footnote, p. 108. 
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concentrated sulphuric acid (37 c.c.), diluted with water (25 c.c.), 
and then distilling the mixture slowly. 

The materials are placed in a distillation flask, which is connected 
wil: "ser, and, in order to avoid loss of e.hy lb™™*. * 
evaporation, the other end of the condenser d.ps under water con 
tained in the receiver. The heavy oil is separated with the aid of a 
tap-funnel, and shaken with a dilute solution of sodium ™ ho ™ c 
to free it from bromine, hydrobromic acid, and alcohol , "hen 
this is done in a tap-funnel, the funnel is grasped firmly by the 
stoppered end, inverted, and gently agitated ; the tap is . then opened 
forT moment to allow the carbon dioxide to escape, o h nv .s c h e 
pressure of this gas may blow out the stopper o r b ur t the tap^ 
funnel These operations are repeated until no furtl 
of gas occurs, and the oil is then washed with water, dried with 

calcium chloride, and purified by distillation. 

Ethyl bromide is also prepared by combining ethylene with 
hydrogen bromide. It is a pleasan.-smelltng, heavy l.qu d and 
boils at 38-5° ; it resembles ethyl chloride m its behaviour towards 

water, aqueous alkalis, and silver "'"““'is formed when alcohol is 
Ethvl iodide, or lodoethane, C 2 H 5 1, is rormeu «i 

heated with concentrated hydriodic acid ; it is prepared by graduaU) 

adding iodine (65 g.), in small quantities at a time, 

alcohol (25 g.) and red phosphorus (5 g.), and then s t 

a water-bath, _ , «. * « nr . 

3CoH 5 OH+P+3I = 3C 2 H 6 I+H 3 P0 3 . 

The product" is purified exactly as described in the case of ethyl 

bromide. 

Ethyl iodide is a pleasant-smelling, highly refractive liquid, 
boding at 72° ; on expire to light i« slowly turns y«b™™, 
owing to the separation of iodine, a phenomenon w j 

in the case of nearly all organic compounds con, am, ng.odtne^ In 

chemical properties it closely resembles ethyl chlor.de and ethyl 
bromide. 

Other halogen mono-substitution products of the paraflms or 

halogen esters 1 ; such as propyl IrrornUe, C S I ^ 
etc., may be prepared by methods similar to tho g 

All the halogen mono-substitution products of the paraffins arc 
classed as alkyl halogen compounds or alkyl hal.de ( P- m. 
they are very much used in the preparatton of other substances and 
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are constantly referred to later. They are nearly all neutral, pleasant- 
smelling liquids, mostly specifically heavier than water, in which 
they are practically insoluble ; their physical properties, however, 
depend greatly on the halogen which they contain, as will be seen 
from the following data : 


d. at 0° b.p. d. at 0° b.p. 

Methyl chloride CH 3 C1 — -24° Ethyl chloride C S H 5 C1 0-921 12-5° 

Methyl bromide CH 3 Br 1-73 +4-5’ Ethyl bromide C.H s Br 1-47 38-5° 

Methyl iodide CH 3 I 2-33 43° Ethyl iodide c".H*I 1-975 72° 

The alkyl halogen compounds resemble one another very closely 
in chemical properties, and the following are some of their more 
important reactions : 

They are reduced by nascent hydrogen giving paraffins (p. 50), 

C 2 H 5 Br+2H = C 2 H 6 +HBr. 

They react with sodium giving paraffins (Wurtz reaction, p. 53), 

2CH 3 I+2Na = C 2 H 6 +2NaI. 

They are slowly decomposed, or hydrolysed (p. 1S9), by boiling 
water, by aqueous alkalis, and by moist silver oxide (which acts 
as AgOH), yielding the alcohols, 

C 2 H-Br+KOH = C 2 H 5 OH+ KBr ; 

but when boiled with alcoholic potash, 1 those containing two or 
more carbon atoms are converted into olefines (p. 87), 

c 3 h 7 i+koh = c 3 h 6 +ki+h 2 o. 

They do not react readily with silver nitrate in aqueous solution, 
but when their alcoholic solutions are heated with this, or with 
other silver salts, or with salts in general, they undergo double 
decomposition and give esters (p. 185), 


CH 3 I-f AgXOj = CII 3 0N0 2 +Agl, 
C 2 H 5 Br+AgC 2 H 3 0 2 = C 2 H 6 -C 2 H 3 0 2 +AgBr. 

They combine directly with magnesium in the presence of ether, 
giving a most important class of compounds (the Grignard reagents), 
of which a description is given later (p. 235). 


r (a SOlut,0n of potassium hydroxide in methvl or ethvl 
' C r r/ . n , h;,S "? act,0n ° n ° l rR: : n,c impounds different from'that of an 
it mas com,,nT P ,°f aSS,Um as in the above example ; since 

V ab C P « r ° por " on of ' vatcr - thc results of its action may 
un UIth ,he percentage of water as well as that of alkali (p. 94 ). X 
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The monohalogen derivatives of propane and of the higher 
paraffins show isomerism. The* 

102-5°) and iso propyl iodide, CH,-CHI C a I P • , the four 
monohalogen derivatives of butane a s °^ or ^ H . C n .CH*X and 

CH 3 CH* CHX CH 3 , are derived from normal butane, an t c 
other two, ^CH-CH^and^^CX-CH,. from nobutane. 


Di-halogen Derivatives 

The halogen di-substitution products of the paraffins have the 
general formula , C„H 2 „X 2 , and are obtained from o chn es (p . 85). 
aldehydes (p. 133), or ketones (p. 144), and in . oth • 

, rs - 

zinc and hydrochloric acid in alcoholic solution, 

CHCI 3 +2H = CH 2 C1 2 +HC1. 

Methylene di-iodide, CH 2 I 2 , is prepared by 

^ o, ’ hcr • 

^"hylene dibromide, 

c OC.*s£K e,SL « 

treating acetaldehyde with phosphorus pentabrom.de (p. 1>6). 

C 2 H,0+PBr 5 = C 2 H,Br 2 +POBr 3 , 

or acetylene with hydrogen bromide. 

When the structure of ethane is uvoTso.neHc 

although all the hydrogen atoms are simila } ’ . 

di-halogen substitution products may be derived fron , 

u y XX 

H X 

H-C-C-Ii 


h-c-c-h 


or 


H X 

i 


H H 

ii 
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In (i), the halogen atoms are both combined with the same carbon 
atom, but in (n) with different carbon atoms. These formulae 
(when X = Br) represent ethylidene dibromide or unsymmetrical 
dibromoethane (i), and ethylene dibromide or symmetrical 
dibromoethane (n). The two compounds may be distinguished 
by boiling each with a solution of potassium carbonate when 
ethylene dibromide yields glycol (p. 240) and ethylidene dibromide 
gives acetaldehyde (p. 138). 


Tri- and Tetra-halogen Derivatives 

1 he more important members of these groups are those derived 
from methane, such as chloroform, bromoform, and iodoform. 

Chloroform, or trichloromethane, CHC1 3 , is formed when 
methane, methyl chloride, or methylene dichloride is treated with 
chlorine in daylight, and when many simple organic substances 
containing oxygen, such as ethyl alcohol, acetone, etc., are heated 
with bleaching-powder, which acts as an oxidising as well as a 
chlorinating agent (see below). 

Chloroform may be prepared by distilling alcohol or acetone 
with hicaching-powder. 


Some fresh bleaching-powder (about 275 g.) is made into a 
cream with about 800 c.c. of water and placed in a 2-litre flask 
connected with a condenser ; acetone (28 g., 35 c.c.), diluted with 
water (about /Oc.c.), is then gradually added, and the flask is 
cautiously heated on a water-bath ; a vigorous reaction usually sets 
in, and a mixture of chloroform, water, and acetone distils. If the 
operation has been successful, the chloroform collects as a heavy 
oil at the bottom of the receiver ; but if too much acetone is present, 
the chloroform must be precipitated by adding water. The oil is 
run ofl with the aid of a tap-funnel, washed with water, shaken 
once or twice with a little concentrated sulphuric acid, which frees 

it from water, acetone, etc., and redistilled from a water-bath, 
l lcld about 24 g. 


1 he changes which occur in the preparation of chloroform from 
alcohol are complex. It is probable that aldehyde is first formed by 
oxidation, and then converted into chloral, which is decomposed 
by the calcium hydroxide present in the bleaching-powder (or pro- 
duced during the reaction), yielding chloroform and calcium formate : 

CHj CHj OH+CaOCl, = CH 3 CH0+CaCl,+H,0 
2CH n -CHO f6CaOCl. = 2CC1 3 - CHO +3Ca(OH), ! 3CaCl, 
2CC1 3 • CHO +Ca(OH) 2 - 2CHC1 3+(H . COoVa 
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When acetone is employed, trichloroacetone is probably fomedin 
the first place ; this compound .s then decomposed by the calciu 
hydroxide, giving chloroform and calcium acetate, 

2CH 3 - CO • CCl 3 +Ca(OH) 2 = 2 CHCl 3 + (CH 3 COO) 2 Ca. 

Chloroform is also prepared commercially by the reduction « 

carbon tetrachloride (p. 79) with iron and water 
The product of these methods may be impure ; pure chlorot on 

is best prepared by warming chloral or chloral hydrate (p. 
with a solution of sodium hydroxide, and then isolating the product 

in the manner already described, 

CC 1 3 CIIO+NaOH = CHC1 3 +H COONa. 

Chloroform is a heavy, pleasant-smclling hquid of 
ICO d boils at 61° . when heated it burns with a green e g 

formate and chloride, 

CHCI 3 + 4 KOH = H COOK+3KCH 2H 2 0. 

The stages of the reaction may be indicated as follows : 

Cl KOH /°U r , OH 

H C— Cl 1 KOH — * H C \S ! * x O 

\C1 KOH X ° H , 

When a drop of chloroform is added to a mixture of aniline . (P-^ ) 

and alcoholic potash, and the solution is gem >’ f phcny l- 

nauseous smell is observed, owing to the formation / 

carhylamine or phenyl iso cyanide, 1 

CHC1 3 +3K0H+C 6 H 5 NII 2 = C 6 H 5 NC4 3K 4 - ' 

This reaction affords a very delicate test for 

„ „ nn< l It is known as Hofmann scaroyia»i» 

primary amines, p. 210), anti 11 is khuw.. 

^Chloroform is employed in surgery 

(Simpson, 1848). For this pr«encc 

employed, as the impure substance d. g • • cspcc ially 

of air" chloroform gradually undergoes decomposition, cs, > 

‘ The experiment should be Pjrfonnedto ^ , "^Vwirf.°be''c^f“!? 
of aniline, and the contents of the , •, noss jble. 

poured into the sink pipe, .n a draught closet it possm 
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under the influence of light, carbonyl chloride (phosgene) and 
hydrochloric acid being produced, 

CHCl 3 +0 = C0C1 2 +HC1. 

As carbonyl chloride is very poisonous, all chloroform required for 
anaesthetic purposes should be kept in the dark in a well-stoppered 
bottle ; a little alcohol (1-2%) is generally added to convert any 
carbonyl chloride which might be formed into diethyl carbonate, 

COCl 2 + 2C 2 H s • OH = 2HC1+ CO(OC 2 H 5 ) 2 . 

Pure chloroform gives no precipitate with silver nitrate, and 
does not darken when it is shaken with concentrated sulphuric 
acid or with a strong solution of potassium hydroxide. Chloroform 
is also used as a solvent. 

Chloropicrin, or nitrochloroform, CC1 3 N0 2 , is formed by the 
action of nitric acid on chloral and certain other tri-chloro-com- 
pounds. It is prepared by the action of bleaching-powder on 
picric acid (p. 485). It is a liquid boiling at 112° and has been 
used as a poison gas. 

Iodoform, or tri-iodomethane, CHI 3 , is formed when ethyl alcohol 
(but not methyl alcohol), acetaldehyde , acetone , and other methyl 
ketones arc warmed with iodine and an aqueous solution of an 
* or alkali carbonate ; the changes which occur are 

due to the formation of hypoiodite, and are doubtless similar to 
those which take place in the preparation of chloroform (p. 76). 

All alcohols and all ketones, which contain the group, 
CH 3 -Cll(OM) — , or Cllj-CO — respectively, yield iodoform under 
the above conditions, the — CIl(OH)— or —CO— group being 
converted into — COOH, the Cll 3 — group into iodoform. When 
bromine or chlorine is used instead of iodine, a similar change 
occurs, and bromojorm, CHBr, (b.p. 151°), or chloroform 

separates ; this reaction is of considerable practical importance, 
and is often used for the conversion of a ketone into an acid con- 
taining one atom of carbon less than the original substance. 

Iodoform may be prepared by gradually adding a dilute solution 
of sodium hypochlorite to potassium iodide (25 g.), acetone (3 g.), 
and sodium hydroxide (1 g.), which are dissolved together in about 
750 c.c. of water, until no further precipitate is formed ; the iodo- 
form is then separated by filtration, and may be purified by re- 
crystallisation from dilute alcohol. On the large scale it is obtained 
by the electrolysis of an aqueous solution of alcohol, potassium 
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iodide, and sodium carbonate, the iod.ne, liberated at the anode 
Riving hypoiodite, which then gives iodoform. It crystallises in 
fustrous yellow, six-sided plates, melts at 120 , and has a peculiar, 
very characteristic odour; it sublimes readily, and is volatile in 
steam. It is used in medicine and surgery as an antiseptic 

Carbon tetrachloride, or tetrachloromethanc CC1, the final 

product of the action of chlorine on CII,, CH » C ■ 

CHC1, may be formed by passing chlorine into boding chloroform 

fn sunlight and is manufactured by passing chlorine into carbon 
disulphide in the presence of iodine ( P . 179), or from carbon di- 
sulphide and sulphur monochloride in the presence of iron, 

CS 2 +3C1 2 = CC1.,+ S 2 C1 2 , 

CS 2 + 2S 2 C1 2 = CC1.+6S. 

In the former case the chloride of sulphur is removed, after a pre- 

liminarydistillation, by shaking the ,'n itlT' Ca^ 

and the carbon tetrachloride is purified by redistilla.iom Carbon 

tetrachloride is a pleasant-smelling liquid of sp. k ^ 

boiling a. 76-5° ; on treatment w;. b n««m M ^ „ is 

decomposed^by ho. alc dio.ic' poush/im. the reaction is complex 
and°the chief products are carbon monoxide and ethyl orthoformatc. 
It is used as a solvent and in fire-extinction. 

Difluorodichloromethane, CF.CU is ^ '“Z 

Chloride and antimony tr.fluor.de. It bod « non . inflammab i c , 

3=/= Ottr C^pounds are impor- 

tant solvents and plastics. 

Radicals. A study of the constitutions or structures of organic 
compounds clearly shows that certain groups o a oms often rema 
unchanged during a whole series of reactions. 

may be converted into ethyl chloride, the latter „ “^"mo 

into ethyl alcohol, and this compound may b =/ 
ethyl chloride ; but during all these interactions the g o up. (u ' 

remains unchanged, and behaves, in fats, as ,f it were a single 

C t H i .H + a I -C t H s .CI + Ha 
C H -Cl t-H-OH = C 2 H 5 0imiCl. 

C 2 H 5 0H+PC1 6 = c 2 H 5 ci+ncnroci 3 . 

Similarly, the compounds, CH 3 -H, CII 3 C1, CU, ^OH, '™ y . 
transformed one into the other, and there are many other example 
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Groups of atoms, such as CH 3 — and C 2 H 5 — , which act like 
single atoms , and which occur in a considerable number of com- 
pounds, are termed radicals, or sometimes compound radicals. 

Radicals may be univalent, bivalent, etc., according as they act 
like univalent, bivalent, etc., atoms ; the radicals C 2 H 5 — and 
CH 3 — , for example, are univalent because they are united with 
one atom of hydrogen or its valency equivalent, as shown in the 
compounds just given. 

The class name, alkyl, is given to all the univalent groups of 
atoms which, theoretically , are obtained when one atom of hydrogen 
is removed from the molecule of a paraffin, methane, ethane, etc. ; 
the distinctive names of these radicals are derived from those of 
the hydrocarbons by changing the termination ane into yl, thus : 
methyl , CH 3 — ; ethyl, C 2 H 5 — or CH 3 CH 2 — ; propyl, C 3 H 7 — or 
CH 3 CH 8 CH 2 — ; iso propyl, C 3 H 7 — or (CII 3 ) 2 CII — ; normal 
butyl, C,H 9 — or CH 3 CH 2 -CH 2 CII 2 — ; isobutyl, C 4 H 9 — or 
(CH 3 ) 2 CH CH 2 -, etc. 

The paraffins, the compounds formed by the combination of 
these hypothetical alkyl radicals with hydrogen — as, for example, 
CH 3 H, CoH 5 H, C 3 H 7 H — were formerly called the alkyl hydrides ; 
the corresponding chlorine compounds, such as CII 3 C1, C a H 5 Cl, 
C 3 I I 7 • Cl, arc termed the alkyl chlorides, and so on. The letter R 
is frequently employed to represent any alkyl radical — as, for 
example, in the formula R -Br, which is that of an alkyl bromide. 
1 he symbols Me, Et, Pr, Bu, etc., are also often used instead of 
CMf . C 2 1I 5 — , C 3 I I 7 — , C 4 H 9 — , etc., and when the radical may 
be one of two isomeric forms— as, for example, in the case of C 3 H 7 — , 
which may be cither CH 3 CH 2 CH 2 - or (CH 3 ) 2 CH— , the former 
is represented by Pr\ the latter by IT 9 . 

The name alkylene is given to the bivalent radicals, which 
may be regarded as derived from the paraffins by the removal oi 
two hydrogen atoms ; certain of these radicals are capable of existing 
ah .te, and arc then called olefines. The compounds which the 
aikylcnes form, with chlorine for example, such as Cl I.,C1 2 , C 2 II 4 C1 2 , 
are termed collectively the alkylene dichlorides, and so"on. 

Other radicals of great importance are: hydroxyl, —Oil ; carb- 
onyl, > CO ; carboxyl, —CO OH; cyanogen, — CN ; acetyl, 

—CO • Cl I 3 ; and the aldehyde, —Cl 10, amino-, — NH 0 , and nitro-. 
— NO>, groups. 

One of the principal objects of the student should be to learn the 
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reactions of these and of other groups, and how the groups determine 
the properties of the molecules of which they form a part. Since any 
radical usually behaves more or less independently of the rest of the 
molecule , the reactions of the compound depend on those of its con- 
stituent groups (pp. 143, 164). 


SUMMARY AND EXTENSION 


Halogen Compounds of various types, C„H 2n+1 X, C„H 2n X 2 , 
C„H 2n _ 1 X 3 , etc., are derived from the paraffins by the displacement 

of one or more hydrogen by halogen atoms. 

Nomenclature. The monohalogen compounds are given names 
showing the hydrocarbon (radical) and halogen from which they are 
derived, but when the paraffin shows isomerism and the name no 
longer gives the structure of the molecule, the compound is regarded 
as a substitution product of the hydrocarbon, and is named according 
to the system already given (p. 61). Thus, the four isomer.des, 
C 4 H 9 C1, may be named as shown, or Greek letters may be used 

instead of numerals : 


CH 3 CH 2 CH 2 CH 2 C1 

l-Chlorobulane 

CH(CH 3 ) 2 CH 2 C1 

l-Chloro-2-mcthylpropanc 


CH 3 CH 2 CHC1CH 3 

2-Chlorobuunc 

C(CH 3 ) 2 C1CH 3 

2-Chloro-2-mcthylpropanc 


Di-, tri-, and tetra-, etc., halogen derivatives are also named according 
to this latter system, except in the case of a few compoun s wit 1 we 
known less systematic names ; CH 2 Br- CH 2 - CH 2 Br, for examp c, is 
often called trimethylene dibromide instead of 1 : 3 -dibromopropane. 

General Methods of Preparation. (1) Alcohols are treated with 
halogen acids, or with an alkali metallic halide, or halogen acid and 
sulphuric acid ; the lower chlorides are often prepare y roves 
process (p. 71), 

ROH + HX = RX+H 2 0. 


(2) Alcohols are treated with phosphorus tri- or penta-halides, or 
with red phosphorus and bromine or iodine (p. 1U8), 

3ROH+P+3I = 3RI + H 3 PQ 3 . 


(3) Hydrocarbons of the olefine (p. 85) and acetylene (p. 97) scries 
are treated with halogens or with halogen acids, 

C 2 H« + Br 2 = C 2 H«Br 2 , 



82 


HALOGEN DERIVATIVES OF THE PARAFFINS 


(4) Aldehydes (p. 133) and ketones (p. 144) are treated with 
phosphorus penta-halides, 

CH 3 CHO+PCl, = CH 3 CHC1 2 +P0C1 3 , 
(CH 3 ) 2 C0+PC1 6 = (CH 3 ) a CCl 3 +POCl 3 . 

(5) Iodides are often prepared by treating chlorides or bromides 
with a solution of sodium iodide in acetone. 

The paraffins, treated with chlorine (or sometimes bromine), give , 
substitution products, which are usually mixtures ; nevertheless the 
chlorination of various petroleum fractions is very important com- 
mercially (p. 120). 

Special Methods of Preparation. Chloroform is prepared from 
alcohol or acetone and bleaching-powder, from carbon tetrachloride, 
and by the hydrolysis of chloral (p. 77). Iodoform is made from 
alcohol or acetone with an iodide and a hypochlorite, or electrolytically 
(p. 78). Carbon tetrachloride is prepared from carbon disulphide 
(p . 79). 

Physical Properties. Halides are mostly neutral, pleasant-smelling 
liquids, practically insoluble in, and heavier than, water, but methyl 
chloride and the lower alkyl fluorides are gases at ordinary tempera- 
tures and the lower alkyl chlorides are lighter than water. The density 
and the boiling-point increase in every series, RF<RCl<RBr<RI 
(p. 80), and it will be seen from the table that the boiling-points of 
isomerides fall as the branching of the chain increases. 



Fluoride 

Chloride 

Bromide 

Iodide 


b.p. 

b.p. 

b.p. 

b.p. 

Methyl CH 3 X 

—78° 

-24° 

4-5° 

43° 

Ethyl C,11 5 X 

—32° 

12-5° 

38-5° 

72° 

I >r ° pyl j CHX 

Isopropyl J 7 

-3° 

46-5° 

71° 

102-5° 

-11° 

35° 

59° 

89-5° 

/z-Butyl 

32° (746 mm.) 

78-5° 

101° 

131° 

Sec. butyl 

Iso butyl 

25° 

68° 

91° 

120° 

16° 

69° 

91° 

120° 

Tert. butyl 1 ) 


52° 

72° 

100° 


Chemical Properties. I he reactions of these halides depend almost 
entirely on the presence of the halogen atom or atoms, all of which, as 
a rule, behave similarly, but iodides are more reactive than bromides, 
and the latter are more reactive than chlorides. 

I he alkyl halides, RX, show the following reactions : 

(1) They are reduced by nascent hydrogen giving paraffins, 

RX+2II = RH+HX. 

1 Derived from secondary, iso and tertiary bun ! alcohols respectively. 
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(2) With sodium they give paraffins, 

RX+2Na + R'X = RR'+2NaX. 

(3) They are acted on by aqueous alkali, or moist silver oxide, with 
the displacement of the halogen by a hydroxyl group, 

R-X+NaOH = ROH+NaX. 

(4) When they are boiled with alcoholic potash the halogen is 
removed together with a hydrogen atom from the neighbourin^carbon 
atom and an olefine is formed (p. 85), or it is displaced b> Obt, 

CH 3 CHBrCH 3 + KOH = CH 2 :CH CH3 + KBr - I bA 
CH 3 • CH : Br 4 EtOH 4 KOH = CH 3 CH ; OEt + KBn H.O. 

(5) With the sodium derivatives of alcohols they give ethers (p. 1 25), 

RX+NaOR' = R-OR'+NaX. 

(6) When they arc heated with potassium cyanide, nitriles or 

cyanides (p. 360) are produced, 

RX + KCN = RCN+KX. 

Silver cyanide, however, gives isonitriles (also called isoc>anides 

carbylamines, p. 361), 

RX+AgCN = R-NC+AgX. 

(7) In alcoholic solution with silver or other salts of many ac,ds 
they give esters (p. 185), 

RX + AgOOCCH 3 = ROOCCH.+AgX, 

RX i AgO N0 2 = R O NOa+AgX. 

Silver nitrite, however, yields a nitro-compound (p. 192) as \%c 
an ester. . . 

(8) They react with ammonia in akohoUc = ^estpropared’ 'from 
mixtures of amines (p. 214). I rimary amine « 

them with the aid of phthalimide (p. 226). 

(9) They react with magnesium in the presence of ether, gi'ing t 

Grignard reagents (p. 23.''), 

RX+Mg = RMg-X. 

(10) They react with the sodium derivative of dieihvl malonatc 

(p. 207) and of ethyl acetoacetate (p. 200). cthyl io didc 

The following are some of the compounds into % h _ . 

may be converted ; the numbers refer to the reactions g • 

(1) C,H„ (2) C.H,„ (3) , ^OOC-CH,, 

(5) (C,H,),0, (6) C,H S CN. C.H. NC, 7) », 

(8) C,H 6 -NH„ (C t H,),NH. (C 2 H s ) 3 N, (C.IU. • 

(9) C,Hs Mgl. 
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Z)z-halogen derivatives in which the two halogen atoms are com- 
bined with different carbon atoms show', as a rule, reactions corre- 
sponding with those of the alkyl halides, but both the halogen atoms 
take part in the change. Ethylene dibromide, for example, gives a 
dihydroxy-derivative (p. 241), a dicyanide (p. 277), and an acetylenic 
hydrocarbon, 

CH,Br CH 

+2KOH = III +2KBr+2H 2 0. 

CH,Br CH 

Ethylene dibromide, trimcthylene dibromide and a few other com- 
pounds of a similar type are much used in syntheses. 

Di- and /ri-halogen derivatives, in which the halogen atoms are 
united to the same carbon atom, behave in the same way as the alkyl 
halides towards aqueous alkalis, but water is eliminated from the 
primary product, with the formation of an aldehyde, ketone, or acid 
(as a salt), 

Cl 1 3 • Cl IBrj-^—CH, • CH(OH), *CH 3 • CHO, 

(Cl 1 3 ) 8 CC1 2 — -(CH 3 ) 2 C(OH), (Cl I 3 ) 2 C :0, 

CHC! 3 £M-CII(OH) 3 -HCOOH. 

Tri - halogen compounds which contain only one carbon atom are 
attacked by alcoholic potash in the same way as by aqueous alkali ; 
thus chloroform yields potassium formate and potassium chloride. 

Many secondary and tertiary halides, containing the group > CHX 
or • CX respectively, especially the latter, do not show the reactions 
6, g and 1U (see above), but give olefines (4), with the loss of HX. 



CHAPTER 6 

THE OLEFINES, OR HYDROCARBONS OF THE 

ETHYLENE SERIES 


WHEN the halogen mono-substitution products of the paraffins 
(the alkyl halides ), such as ethyl bromide, propyl chloride, • 
(p. 70) /are heated with an alcoholic solution of potash, they may 

be converted into hydrocarbons, 

C 2 H 5 Br+KOH = C 2 H 4 +KBr+H 2 0, 

C 3 H 7 C1 + K0H = C 3 H 6 +KC1+H 2 0. 

The molecules of the compounds obtained in this way, and by 
Ither methods, contain two atoms of hydrogen less than those of 
the corresponding paraffins, and may be regarded as alkylene 
A-JZ Z m • as moreover, the new hydrocarbons are formed 
by^ similar processes' from compounds which resemble one another 
in structure, they themselves are similar tn “nsmutton.^nd fonn 
a homologous series of the general formula, C„ 2 , thc 

derived from those of the corresponding paraffins l > ‘ t 8 

termination ane into ylene or ene, 1 

Methane CH* Ethane C*H 8 Propane C 3 Hh C *h“ 

Ethylene C 2 H« Propylene C 3 H 6 butylene w 6 

The simplest member of this series is ethylene ; a 
CH 2 which would correspond with methane, is un n a » 
auempts to prepare i, from a halogen mono-subs., tu„on produ« 
of methane, or in other ways, have been unsuccessfu , this seems 
to show that a con, pound in which carbon would be bivalent 

in T P h a e b wo°rd e otfin C e e 'is derived from that of olefiant or . M 
gas, a name originally given to ethylene on account of . s pmpe ty 
of forming an oily liquid (ethylene dichlondc or Dutch liquid) 
chlorine ; g <he term 'olefine ■ is now applied as a class name to all 

th E,hytne, b C ! I I^ “d during the destructive distillation 
of many organic substances, and occurs in coal-gas, o w „ 
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forms about 3% by volume ; the luminosity of a coal-gas flame is 
partly due to ethylene. 

Ethylene is obtained when acetylene (p. 97), in the form of copper 
acetylide, is reduced with zinc dust and ammonia, 

C 2 H,+2H = C 2 H 4 . 

It is also formed when a solution of potassium succinate (p. 276) 
is submitted to electrolysis (Kekule), 

CHoCOOK • , 

I ‘ +2H 2 0 = C„H 4 +2C0 2 +2K0H+H 2 . 

CHoCOOK 

A mixture of ethylene and carbon dioxide rises from the anode, 
while hydrogen and potassium hydroxide are produced at the 
cathode. This method of formation of ethylene recalls the pro- 
duction of ethane by the electrolysis of potassium acetate (p. 53). 

Ethylene may be prepared in the laboratory by heating ethyl 
alcohol with concentrated sulphuric acid or with phosphoric acid ; 
the final results may be expressed by the equation, 

c 2 h 5 -oh = C 2 H 4 +H 2 0, 

but the reaction really takes place in two stages (p. 195). 



Fig. 18 


A mixture of ethyl alcohol (60 c.c.) and concentrated sulphuric 
acid (160 c.c.) is placed in a large flask (Fig. 18), and heated to 



THE OLEFINES 


87 


about 165° (the bulb of the thermometer is immersed in the liquid) 1 -, 
the gas thus produced is passed first through water and t en 
through dilute potash, in order to free it from sulphur dioxide and 
carbon dioxide, and is finally collected over water. When the 
evolution of gas slackens, a further supply may be obtained by 
dropping a mixture of equal volumes of alcohol and sulphuric aci 
through the funnel, at the same temperature as before. T he liquid 
in the flask generally darkens considerably, owing to the oxidising 
action of the acid, and when impure alcohol is used a large quantity 
of carbonaceous matter is often formed. For this reason p os 
phoric acid may be advantageously employed, in which case t e 
alcohol is dropped into syrupy phosphoric acid heated at about 
220° ; the yield by this method is good, and for most purposes the 
gas does not require purification. 

Another, but less satisfactory, method is by dropping ethjl 
bromide from a stoppered funnel into a flask containing an excess 

of boiling alcoholic potash, 

C 2 H 6 Br+ KOH = C 2 H 1 +KBr+H,0. 2 

The flask is heated on a water-bath, and is provided with a reflux 
condenser (p. 7), the end of which is connected to a delivery tube 
passing to the pneumatic trough ; during the reaction potassium 
bromide separates from the solution. 

Ethylene is prepared commercially from cracked petroleum and 
by cracking propane obtained from natural gas, 

c 3 h 8 = c 2 h 4 +ch 4 , 

but where petroleum is too expensive, the gas is produced by the 
catalytic dehydration of alcohol with heated phosphoric acid or 
alumina. 

It is to be noted that a reversible reaction may often be carried 
out on a large scale in one or the other direction according to the 
available raw material: thus C 2 H 6 -OH 'C 0 II 4 in t * ic ’’ 
but C*H 4 ►C 2 Hj-OH in the U.S.A. 

Ethylene is a gas with a sweet and rather pleasant smell; it 
liquefies at 10° under a pressure of 60 atmospheres and boils at 
-105° under 1 atmosphere ; it is very sparingly soluble in water, 


1 In the presence of about 5% 
reaction takes place more rapidly, 
strongly. 

* Compare footnote, p. 74. 


of anhydrous aluminium sulphate the 
and the mixture need not be heated so 
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more readily in alcohol and ether. It burns with a luminous flame, 
and forms a highly explosive mixture with air or oxygen, 

C 2 H 4 +30 2 = 2C0,+2H 2 0. 

Its chemical behaviour is totally different from that of the paraffins. 
It combines directly with hydrogen, in the presence of nickel, at 
temperatures from about 75-120° and, in the presence of platinum 
black, at ordinary temperatures, forming ethane, 

c 2 h 4 +h 3 = c 2 h 6 . 

Although it is not readily acted on by hydrochloric acid (p. 72), it 
combines directly with hydrogen bromide and iodide in concentrated 
aqueous solution at 100°, forming ethyl bromide and iodide respec- 
tively, 

C 2 H 4 +HBr = C 2 H 6 Br, C 2 H 4 +HI = C 2 H 5 I. 

It combines directly with chlorine and bromine (p. 91), and also 
with iodine in alcoholic solution, 

C 2 H 4 +X 2 = C 2 H 4 X 2 (X = Cl,Br,I). 

It is absorbed by, and combines directly with warm sulphuric acid 
and with cold anhydro-sulphuric acid, yielding ethyl hydrogen 
sulphate (p. 194), 1 

C 2 H 4 +H 2 S0 4 = C 2 H 5 HSO,. 

It is readily oxidised by a cold solution of potassium permanganate 
forming glycol (p. 240), and it combines directly with ozone, 
forming a liquid explosive ozonide, C 2 H 4 0 3 (p. 96). 

Ethylene polymerises (p. 136) under high pressure, forming open 
chain molecules which may contain up to 1000 carbon atoms. 

Some of the important uses of ethylene are given in the table 
(p. 368). 

Constitution of Ethylene. It can be proved by analysis and by 
vapour density determinations that the molecular formula of 
ethylene is C 2 II 4 . The two carbon atoms in this molecule are 
known to be directly united, because hydrogen is a univalent 
element ; further, a study of all the methods of formation of ethylene 
leads to this conclusion, because the carbon atoms in the molecules 
of ethyl bromide and of ethyl alcohol are known to be directly 
united, and there is no reason to suppose that they become separated 


with ^hc iid S ofHemnfl- CthylCne ? y anhydro-sulphuric acid is easily shown 
" lin tnc nid ot Hempel s gas-analysis apparatus. 
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when these two compounds are converted into ethylene. I he four 
hydrogen atoms in the ethylene molecule must all be directly united 
to the carbon atoms, and therefore may be distributed in one of 
two possible ways, represented respectively by the expressions, 
CH 2 — CH 2 and CH 3 — CH. 

Now, two isomeric compounds of the molecular formula, 
C 2 H 4 Br 2 , arc known. One of these, ethylene dibromide , is formed 
by the direct combination of ethylene and bromine (p. 91) ; the 
isomeride, ethylidene dibromide, is obtained from acetaldehyde, and 
is known to have the structure, CH 3 — CHBr 2 (p. 75). As these 
are the only two compounds of the molecular formula, C 2 H 4 Br.,, 
which, theoretically, are possible, and as the isomeride of ethylidene 
dibromide must have the structure, CH.>Br — CH 2 Br, it is concluded 
that this formula must represent the constitution of ethylene di- 
bromide. Further, since ethylene dibromide is formed by the 
direct union of ethylene and bromine, each of the carbon atoms in 
the ethylene molecule must be combined with two atoms of 
hydrogen. This being the case, the constitution of ethylene might 
be expressed by the formula, CH 2 — CII 2 . But such a formula 
would not show that carbon is quadrivalent, nor would it recall the 
fact that ethylene combines directly with Cl 2 , Br 2 , HBr, etc. ; for 
these and other reasons the constitution of ethylene is represented by, 

H>C=C<jj or CH 2 =CH 2 or CH 2 :CII 2 , 

and the two carbon atoms are said to be united by a double bond, 
or double binding. 

The above view of the constitution of ethylene receives support 
from the formation of the gas by the electrolysis of succinic acid, a 
compound of known constitution (p. 276). The structure of this 
acid has been fully established independently of its relation to 
ethylene, and its conversion into that hydrocarbon (p. 86) can only 
be accounted for in a simple manner provided that the olefine has 
the symmetrical structure given above. Further independent 
evidence (p. 168) affords conclusive proof of this formula. 

It must not be supposed that a double bond has any mechanical 
significance, or that it implies that the two carbon atoms attract 
one another more strongly than when they are singly bound. A 
double bond in the structural formula of any hydrocarbon is merely 
a convenient expression of certain facts which have been established 
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experimentally — namely, that the compound is capable of combining 
directly with two univalent atoms or groups of particular elements , and 
that these atoms or groups unite with those carbon atoms which are 
represented as being doubly bound. All organic compounds which, 
like ethylene, contain carbon atoms having the power of combining 
directly with certain other atoms or groups, are said to be un- 
saturated. In the graphic or structural formulae of all such 
substances, these particular carbon atoms are represented as being 
joined by a double bond ; the structural formula thus summarises 
the more important chemical properties of the compound. When 
an unsaturated compound enters into direct combination, the 
double bond is said to be ‘ broken,’ and in the structural formula 
of the product the two carbon atoms, previously represented as 
being doubly bound, are then shown as being united together in 
the same way as those in the formula of ethane (p. 54) ; the com- 
bination of ethylene with bromine, for example, is expressed 
graphically, 


H II 

Li 


+ II r— Dr 


H H 


Br-i-d— Br, 


II II 


H H 


and the formula of ethylene dibromide shows that, like the paraffins, 
this substance is saturated, and cannot give derivatives except by 
substitution. 

T lie substances formed by the direct union of unsaturated com- 
pounds with atoms or groups of atoms are called additive products, 
in contradistinction from substitution products. 

A halogen derivative of a hydrocarbon may be regarded as an 
additive or as a substitution product ; in the former case the name 
of the hydrocarbon is put first, as in the case of ethylene dibromide , 
but in the latter it follows the name of the halogen, as in dibromo- 
cthane. 1 his system applies throughout organic chemistry ; thus, 
methyl chloride or chloromethane may be regarded as an additive 
product of the methyl radical or as a substitution product of methane. 

Unsaturated compounds may contain two, four, or more un- 
saturated carbon atoms, and they always combine with an even 
number of univalent atoms or groups. A single hvdrogcn atom 
cannot be removed from a paraffin, C„I-l Sil+8t to form a stable 
hydrocarbon, C„H 2n+1 , such as CII 3 — or CII 3 -CH„— ; further, 



91 


THE OLEFINES 

whenever two hydrogen atoms are taken »»».*£■£ ^ 

these atoms are lost by carbon ..cm. ^^^SUnbutane. 
united. Thus, by the action of alcoholic potash °n 

CH 3 • CH 2 • CH. ■ CH*Br, the olefine, butene, C 3 

is produced, and not a compound, 

CH 3 CH CH 2 CH 2 — or — CH 2 CH 2 CH 2 2 


For these reasons the formula of ^ h ^"* n y S in dica t i 0 n that 

CHj-CHg ; carbon atom is 

the presence or existence directly com- 

dependent on the existence of another such atom d.rccuy 

bined with it. 

Ethylene dichloride. C H 4 CU « Z 

originally called Dutch liquid or 01 o ^ combination of 

it was discovered. It is obtained y q° boiling at 

ethylene and chlorine, and is a liquid of sp. g^ V*I I C l’ b p. 57\ 
84° y It is isomeric with et,,ylide,te . pared 

Ethylene dibromide, C 2 H 4 Br 2 or CHjBr-CHjUr, 1 1 

by passing ethylene into bromine. 

The gas (freed from sulphur dtadd k, p.87) ^water 

wash-bottle which contains bromi ^ ^’ash-bottle no longer 

to diminish loss by evaporation. separated with the 

contains free bromine, the heavy 01 > P dried with calcium 

aid of a tap-funnel, washed with water and dried 

chloride. . . • 

It boils at 132° (m.p. 10°) and its sp. gr » 2-21 at ; “ 1S * ' 

meric with ethylidene dibromide, C 3 r - 

Ethylene dibromide is used in ethyl petrol (p. 6b). 

Substitution products of ethy c^c. cannot be obtained by 

CH,:CHC1, and bromoethylene, CllrU * . ■ conip ounds are 

treating ethylene with a halogen LCal ‘ , , jj pota sh on the 

formed), but are produced by the action of alcoholic pot 

halogen additive compounds of ct n oh ’ 

C "' B ^Ch” C - n either 

Propyl bromide CH.-CH l.;CH ; ']r- C H s CH:CIU * HBr. 

fiopropyl bromide CHj CHIlr . . . 

It may be prepared by heating propyl or ttopmpyl alcolio 
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with sulphuric acid (3 vol.), containing 5% of aluminium sulphate, 
at about 105°, 

CH 3 CH 2 CH 2 OH = CH 3 CH:CH 2 +H 2 0, 

or by passing propyl or riopropyl alcohol vapour over heated 
alumina. It is a gas very similar to ethylene in properties, and it 
combines readily with bromine, forming propylene dibromide , 
CH 3 CHBr-CH 2 Br, an oily liquid boiling at 142°. Propylene is an 
important product of cracked petroleum. 

Three isomeric butylenes or butenes of the molecular formula, 
C 4 H 8 , are known — namely, 

CH 2 :CHCH 2 CH 3 CH 3 CH:CHCH 3 £|* 3 >C:CH 2 . 

a-Butylenc or butcnc-1 fl-Butylenc or butcne-2 Iso - or y-butylenc 

( EthylethyUne ) (Symm. dimethylethylenc) (Unsymm. dimethyUthyUncY 

The first two compounds are derived from normal butane, the 
third from riobutane, and it should be noted that the number of 
possible isomerides, in the case of an olefine, is greater than in that 
of the corresponding paraffin. The three butylenes are all gases, 
and combine directly with chlorine, bromine, hydrogen bromide, 
etc. 

Five isomeric amylenes or pentylenes, C s Hi 0 , are known, 
the most important being trimethylethylene or /3-iso amylene, 
(CH 3 ) 2 C:CH *CH 3 , which is obtained (mixed with isomerides) by 
heating fusel oil (p. 115) with zinc chloride ; it boils at 38-5°. 

The butylenes and amylenes are important products of cracked 
petroleum. 

1 he great difference in chemical properties between the saturated 
hydrocarbons of the paraffin series and the unsaturated compounds 
of the olefine series may be conveniently demonstrated by con- 
trasting the behaviour of ‘ light petroleum * with that of ordinary 
amylene. \\ hen a few drops of bromine are added to, say, 5 c.c. 
of a good sample of light petroleum, the solution retains the colour 
of the halogen and little, if any, action (due to impurities) occurs. 
\\hen, on the other hand, bromine is cautiously dropped into 
amylene, a vigorous reaction occurs and the colour of the halogen 
immediately disappears, but little, if any, hydrogen bromide is 
evolved. After sufficient bromine has been added, the liquid 


‘For nomenclature, see p. 93. The terms symmetrical and unsym- 
metncal (not asymmetric or asymmetrical, p. 293) are often used to dis- 
tinguisn isomerides. 
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product (amylene dibromide) is found to sink in water, whereas 

amylene floats. . . . 

Concentrated sulphuric acid does not mix with, and has no 

appreciable action on, light petroleum ; but an energet.c reaction 

occurs when the acid is cautiously added to amylene, and some of 

the unsaturated hydrocarbon passes into solution in the form o 

amyl hydrogen sulphate. . 

Light petroleum does not decolourise a dilute solution of potassium 

permanganate when the two liquids are shaken together, but 
amylene is readily oxidised. 

The lower olefines may be distinguished or identified by an 
explosion method as given in the case of the paraffins p. 30) a 
more convenient process is to convert the olefine into the di- 
bromide, which may then perhaps be identified by its (melting- or) 

boiling-point. 

SUMMARY AND EXTENSION 

The Olefine or Ethylene Series. Unsaturated hydrocarbons of 

, i f t-mnln C H The following are the more important 

the general formula, O ll li 2n . i ne u„: n „ 

members of this series, the number of possible ^omendcs bcmg 
shown in brackets : where isomerism occurs the green b.p. 
of the normal hydrocarbon containing the group, tll 2 .Ul . 

b 1>P. 

Ethylene C 2 H 4 -105° Amylene (5) C & H 10 + 30° 


Propylene C 3 H 6 —47-6' 


Hexylene (13) C 0 H|» -1-63-7 


Butylene (3) C 4 H 8 — 6-3 

Nomenclature. The names of the olefines are derived ftom those of 
the paraffins, by changing the termination one into ylcne “ 
or into ene. as in ethene, propene, butene, pentene. etc. S-mw member 
of the series are conveniently regarded as derwatives of ed.ylene^an c 

named accordingly, as already shown (p. ), u _ . ; 

nomenclature of the olefines is based on that of the n°rma, h dro 
carbons of the series jus, as in the case of the paraffins the i po i™ 
the double binding or ethylenic link ,s then shown h> addin l beta , e 
or after the name, the numeral or letter of that carbon atom from 
which the double binding starts. Thus the compounds 

CH.CHiCHCH.CH, and CH.-CHfCHal-CHtCH-CH.-CH, 

are respectively pentene-2 or methylethylethylene and 
hexene-3 or 2-me,hyl-3-hexene. An alternative is £ 

position of the double bond by a number or letter folio g 
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symbol A ; the compounds just mentioned would then be called 
A 2 - or A fl -pentene and 2-methyl- A 3 -hexene respectively. 

Methods of Preparation. (1) The alcohols (p. 106) are heated with 
sulphuric acid, phosphoric acid, zinc chloride, potassium hydrogen 
sulphate, etc., or their vapours are passed over heated alumina, 

CH 3 CH 2 OH = CH 2 :CH 2 +H a O. 

(2) The alkyl halides (p. 73) are heated with alcoholic potash, 

CH 3 • CHBr • CHj + KOH = CH 3 CH:CH 2 + KBr+H 2 0 ; 

as, with this reagent, the halogen is often displaced by — OEt to a 
very considerable extent, pyridine, quinoline or dimethylaniline 
(Part II) may be used instead. 

(3) Quaternary ammonium hydroxides are decomposed at high 
temperatures (pp. 219, 597). 

(4) Dihalidcs in which the halogen atoms are combined with 
adjacent carbon atoms are treated with zinc or magnesium, 

CH S • CHBr • CHBr • CH 3 + Zn = CH 3 -CH:CH-CH,+ZnBr*. 

(5) Allyl bromide (p. 339) is treated with a Grignard reagent 
(P- 235), 

CH 2 BrCH:CH 2 +RMgX = R • CH * • CH :CH * +MgXBr. 

(6) Aqueous solutions of the alkali salts of certain dibasic acids are 
submitted to electrolysis (p. 86). 

Many olefines occur among the products of cracked petroleum. 

Physical Properties. The first two members of the series and the 
three isomeric butylenes are gases, but the higher members are liquids 
at ordinary temperatures ; the boiling-point rises as the molecular 
weight increases, just as in the case of the paraffins. Olefines, like all 
hydrocarbons, are insoluble, or nearly so, in water, but soluble in 
alcohol and other organic liquids. 

Chemical Properties. The olefines burn with a luminous smoky 
flame, and can be exploded with oxygen or air. They are unsaturated 
hydrocarbons, and differ very considerably in chemical properties 
trcm the saturated hydrocarbons of the paraffin series. Whereas at 
ordinary temperatures the latter are acted on by chlorine only and 
give substitution products, the olefines, as a rule, combine directly 

with Cl 2 , Br 2l HBr, HI, HCIO, II 2 S0 4 , etc., and form saturated 
additive products. 

I he olefines are converted into paraffins on treatment with molec- 
ular hydrogen in the presence of a catalyst, 

C /4 H 2# , tHj = C n H 2n ^ f . 
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They combine with chlorine and bromine, sometimes with iodine, 
forming saturated compounds, which may also be regarded as di- 
substitution products of the paraffins, 

CH 3 CH:CH 2 +C1 2 = CH 3 -CHC1CH 2 C1. 

They combine with hydrogen bromide and hydrogen iodide, but not, 
as a rule, with hydrogen chloride, yielding alkyl halides, 

CH 2 :CH 2 +HBr = C 2 H 3 Br, 

CH 3 CH:CH 2 +HI = CH 3 CHICH 3 , 

combination normally occurring in such a way that the halogen atom 
unites with that carbon atom which is combined with the smaller 
number of hydrogen atoms (Markownikoff) ; thus propylene yields 
with hydrobromic acid, isopropyl bromide, CH 3 C IIBr Lll,, ami 
not normal propyl bromide, CH 3 CH 2 CH s Br ; a- or 1-butyfcne 
CH 3 • CH* • CH :CH 2 , with hydnodic acid, gives secondary > 
iodide, CH 3 -CH 2 CH1CH 3 ,‘ and so on, but allyl bromide (p. 33)). 
the molecule of which contains one bromine atom, gives trimethylent 

dibromidc. 

Fuming sulphuric acid, in some cases ordinary or even diluted 
sulphuric acid, readily absorbs the olefines, forming alkyl hydrogen 

sulphates, C h 2 ;CH 2 +H 2 S0 4 = CH 3 CH 2 OS0 2 OH, 

and it is often possible to separate olefines by using an acid of suitable 
concentration ; isobutylene, for example, is rapidly absorbed by ,o 
sulphuric acid, whilst the isomeric hydrocarbons arc only absor 1 
by more concentrated acid (80%). Such methods are used in dealing 

with the complex mixtures formed from petroleum. 

Hypochlorous and hypobromous acids convert the olefines 

chlorohydrins and bromohydrins respectively (p. 243). 

CII t :CH 2 +HOCl = CH.C1-CH.-OH ; 

in the case of ethylene these reactions are carried out either by passing 
a mixture of ethylene and carbon dioxide into a suspension of bkaching- 
powder in water or by passing ethylene into bromine water W hen • 
homologuc of ethylene combines with hypochlorous acid or v 
sulphuric acid the HO- group of the former or the ” 

group of the latter generally unites with that carbon atom vh ef 
is combined with the smaller number of hydrogen atoms. L nl U t 
paraffins, the olefines are readily oxidised by chromic acid d 
potassium permanganate. When oxidation is earned out carcfull> , 
under suitable conditions, a product containing t ic same 
carbon atoms as the original olefine is obtained ; ethylene, for example, 

1 Derived from secondary butyl alcohol (p. H7). 
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gives ethylene glycol (p. 240), a-butylene, the corresponding butylene 
glycol, 

CH.:CH 2 +0+H 2 0 - CH 2 (OH)-CH 2 OH, 
CH 3 -CH 2 CH:CH 2 +0+H 2 0 = CH 3 CH 2 CH(OH)CH,OH. 

Generally speaking, when a substance contains the group 
— CH=CH — , this group, on oxidation, is in the first place con- 
verted into — CH(OH)-CH(OH) — . The compounds thus formed 
readily undergo further oxidation in such a way that the originally 
unsaturated carbon atoms become separated. Propylene, on vigorous 
oxidation, yields ultimately acetic and formic acids ; a-butylene 
gives propionic and formic acids, 

CH 3 -CH:CH 2 +40 = CH 3 -COOH+HCOOH, 
CH 3 -CH s CH:CH 2 +40 = CH 3 CH 2 COOH+HCOOH. 

It follows, therefore, that the identification of the products of oxidation 
of an olefine may afford evidence of the position of the double binding 
in the molecule, or in other words, may establish the structure of the 
olefine; or 2-butylene, CH 3 -CH:CH CH 3 , for example, would 
give acetic acid only. 

Olefines (dissolved in an inert solvent) combine directly with ozone 
forming ozonides (Part III), 

CH S 

II +0 3 — - O 

CH S 

I hese compounds are often highly explosive and are decomposed by 
water or dilute acids giving aldehydes, ketones, or acids. Thus 
ethylene ozonide yields both formaldehyde and formic acid. This 
decomposition is also very useful for determining the position of a 
double binding in a molecule. 

A general symbol for an olefine, and the atoms or groups with 
which an olefine combines, are shown below, but iodine and also 
hydrogen chloride often react only under particular conditions : 

H C! Br I n H H OH OS0 3 H H 2 0+0 

>C H Cl Br | i ir ! <tl H (20H) °* 

It has recently been shown that olefines will combine with car- 
bon monoxide and hydrogen under pressure in the presence of 
catalysts containing cobalt compounds, giving aldehydes (oxo- 
reaction) : 

>C:C< + CO+H a = >CHC(CHO)<. 

This appears to have important synthetical applications. 
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HYDROCARBONS OF THE ACETYLENE SERIES 

The homologous hydrocarbons of the acetylene series are related 
to those of the olefine series just as the latter are related to the 
paraffins ; in other words, the molecules of the members of the 
acetylene series contain two atoms of hydrogen less than those ol 
the corresponding olefines, and the general formula of the senes 

is C n H 2n _ 2 . 

Paraffins C„H 2(l42 Olefines C„H 2 ,. Acetylenes C n H 2 „_ : 


v ^n ri 2n-2* 

Paraffins C„H 2 „ +2 
Methane CH 4 
Ethane C 2 H 8 
Propane C 3 H S 
Butane C 4 H, 0 


Ethylene C 2 H 4 
Propylene C 3 H 6 
Butylene C 4 H B 


Acetylene C 2 H 2 
Allylene C 3 H 4 

C'rotonylene C 4 Il a 


Acetylene, C 2 H 2 , the simplest member of the series, occurs 
in small proportions (about 0 06% by vol.) in coal-gas. It is formed 
when the electric arc is produced between carbon poles in a globe 
filled with hydrogen and through which a stream of the gas is 

passing (Berthelot), 2C+Ht = C . 2 H 2 . 

This direct synthesis of acetylene and the conversion of the gas 
into benzene (p. 101) are reactions of very great theoretical and 

historical interest. . f 

Acetylene is produced during the incomplete combustion ot 

methane, ethyl alcohol, coal-gas, and other substances ; also when 

such substances are passed through a red-hot tube. 

An ordinary Bunsen burner is lighted below, and a glass funnel, 
connected by tubing with a wash-bottle, containing an «nmon.acal 

solution of cuprous chloride, is inverted over it, ult K 4 . ‘ 

water-pump, or aspirator, the products are drawn through th 
wash-bottle, when the red copper derivative of acet>Unc <P- > 

is precipitated. This product may be separated, washci 
water, and warmed with hydrochloric acid, the liberated acetylene 

being collected over water. 

Acetylene is also formed when ethylene dibromide is dropped 
into boiling alcoholic potash, 

C 2 H 4 Br 2 +2KOH = C 2 H,+2KBr+2H t O. 


O rg. 4 
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The reaction takes place in two stages, and the first product is 
vinyl bromide (p. 338), 

C 2 H,Br,+KOH = C 2 H 3 Br+KBr+H 2 0, 

which is then converted into acetylene, 

C 2 H 3 Br+KOH = C 2 H 2 + KBr+H 2 0. 

The same apparatus is used as in the preparation of ethylene from 
ethyl bromide (p. 87), and the formation of acetylene is shown by 
passing the gas into an ammoniacal solution of cuprous chloride. 

Acetylene is easily prepared in the laboratory', and is also manu- 
factured, from calcium carbide {calcium acelylide), a very hard, grey, 
crystalline substance, prepared by heating a mixture of coke and 
calcium carbonate, or oxide, at a very high temperature in an electric 
furnace, 

CaO+3C = CaC 2 +CO. 

When calcium carbide is placed in cold water, it is rapidly decom- 
posed with a development of heat, and acetylene is evolved, 

CaC 2 +2H 2 0 = C 2 H 2 +Ca(OH) 2 . 

For laboratory and lecture experiments a small lump of the 
carbide is placed under an inverted gas-cylinder filled with water ; 
but when a stream of gas is required the carbide is placed in a small 
flask, which contains a layer of sand and is provided with a dropping 
funnel and delivery tube ; cold water is then dropped slowly on 
the carbide, when a steady stream of gas is obtained. 1 

1 his reaction, like the union of carbon and hydrogen, is a complete 
synthesis of acetylene because both calcium carbide and water can 
be prepared from their elements. As, moreover, acetylene can be 
reduced to ethylene, or converted into acetaldehyde (p. 101) and 
then into ethyl alcohol and acetic acid, these compounds also can 
be completely synthesised. 

Acetylene boils at -S3' and has a characteristic smell, resembling 
that of garlic. It is a strongly endothermic compound, and can be 
detonated (with fulminate) under atmospheric pressure ; a mixture 
of acetylene and air or oxygen, within wide limits, explodes with 
great violence when it is ignited, and it is dangerous to explode a 
mixture of acetylene and air or oxygen in a soda-water bottle, or 


n ‘ 9 omm ^ c i al f. Iciu , m carbide may contain calcium phosphide, and the 

m ‘ y “ main h> dro8 '' 1 Pl, ° sph ‘ de (PWhmc) 
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even in an open gas-jar. When it is burnt in the latter or from 
an ordinary flat-flame burner, acetylene gives a very smoky flame, 
a behaviour which may be shown, to a less extent, by all hydro- 
carbons which contain a very large percentage of carbon ; when, 
however, suitably constructed burners are employed, smoking is 
prevented and the flame, almost dazzling in its brilliancy, is \ery 
rich in actinic rays. The illuminating power of acetylene is about 

15 times as great as that of ordinary coal-gas. 

Owing to the very high illuminating power of the acetylene flame, 
the discovery of a cheap method of manufacturing calcium carbide 
led to the expectation that acetylene would be the illuminating 
agent of the future ; hitherto, although acetylene is used alone in 
small quantities for such a purpose (domestic lighting, beacons, 
bicycle lamps), this expectation has not been realised. 1 his is 
partly due to the fact that acetylene is liable to explode when it is 
under a pressure of more than 30 lb. per square inch, and, there tore, 
cannot be safely stored in the usual cylinders ; it should not be 
stored in metallic holders even under atmospheric pressure, as 
explosive metallic derivatives may be formed. As acetylene is 
readily soluble in acetone (24 vol. dissolve in 1 vol. of acetone under 
atmospheric pressure), solutions of the gas in this solvent are used 
instead of the compressed gas. 

Acetylene is now employed on a large scale tor welding and 
cutting metals, because when it is burned with oxygen, the oxy- 
acetylene flame reaches a temperature of 3000° or so. In welding, 
the proportions of oxygen and acetylene are so controlled that 
carbon monoxide and water arc formed, thus avoiding the oxidation 
of the metal. For cutting purposes, an excess of oxygen is used and 
the metal burns. An oxyacetylene flame is capable of cutting nickel- 
chrome armour plate 17 in. thick at the rate of one foot m live 

minutes. 

Acetylene is also used in the commercial preparation of many very 
important compounds (pp. 100, 369), but, owing to the \ cry ng 1 
temperature required for making calcium carbide, main > on) in 
those countries (U.S.A., Canada, Norway) which have a large 

hydro-electric supply. 

Cuprous acetylide, C,Cu 2 , is a brownish-red, amorphous com- 
pound which is precipitated when acetylene is passe into an 
ammoniacal solution of cuprous chloride ; its formation ser\es as 
a delicate test for acetylene, and with the aid of this compound 
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acetylene is easily separated from other gases. The dry substance 
explodes when struck on a hard surface, or when heated at about 
120°. It is decomposed by hydrochloric acid, with the formation of 
acetylene. 1 Silver acetylide, C 2 Ag 2 , is obtained as a colourless, 
amorphous compound, when acetylene is passed into an ammoniacal 
solution of silver nitrate. It is far more readily explosive than the 
copper compound, and detonates when it is gently rubbed with a 
glass rod, or heated ; about 0-1 g. of air-dried silver acetylide, 
wrapped in a filter-paper, which is suspended by a wire to a retort- 
stand and then ignited, gives a harmless explosion. 

When acetylene is passed over heated sodium or potassium, 
hydrogen is liberated, and metallic substitution products, such as 
C t HNa and CjNao, are formed. 

Potassium acetylide was first obtained by Davy, in the preparation 
of potassium by heating together charcoal and calcined tartar 
(carbonised potassium hydrogen tartrate) in an iron bottle ; he 
showed that this compound was decomposed by water, giving a 
gas ' bicarburet of hydrogen ’ (acetylene), which burnt with a 
luminous flame. 

Acetylene combines directly with nascent hydrogen, and is con- 
verted first into ethylene, then into ethane ; in the presence of finely 
divided nickel or platinum, it unites with molecular hydrogen, 
giving the same two products. 

It combines directly with chlorine, forming dichloroethylene and 
tetrachloroethanc (acetylene tetrachloride), 

C 2 H 2 +C1 2 = C 2 H 2 CI 2 , CoH 2 +2C1 2 = C,H 2 C1 4 ; 

and with bromine, forming dibromoethylene and tetrabromoethane. 

Acetylene may react with chlorine with explosive violence. When 
a small piece of calcium carbide is placed under a gas-jar, which is 
partly filled with chlorine (free from air) and is standing mouth 
downwards in a trough of water, the bubbles of acetylene ‘ puff ’ 
when they rise into the chlorine, and a deposit of carbon is formed. 
I he reaction which occurs under these conditions may be expressed 
by the equation, 

C S H 8 +C1 8 = 2C+2HC1. 

Acetylene tetrachloride, CT1..C1, (b.p. 146-147°), known as 
II estron, is prepared on the commercial scale by treating acetylene 

Traces of vinyl chloride (p. 338) are also formed, but when cuprous 
acetylene lS "' armc ^ Wlt ^ a so ' ut i°n of potassium cyanide, it yields pure 
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with chlorine in the presence of antimony pentachloride ; the 
tetrachloride may be converted into trichloroethylene (HVs/rojo/), 
C 2 HC1 3 (b.p. 88°), by warming it with milk of lime. These com- 
pounds are non-inflammable and are used in the extraction of fat 
from wool, and in the manufacture of varnishes and paints. 

Acetylene combines with the halogen acids under certain con- 
ditions, giving in the first place substitution products of ethylene, 
such as vinyl chloride, C 2 H 3 C1 (p. 338), and then an ethyhdene 

derivative such as CHj CIlClo. . 

Sulphuric acid absorbs acetylene. 1 When the solution is diluted 
with water, and then distilled, acetaldehyde (p. 138) passes over. 
This change takes place in two stages, and is comparable with the 
conversion of ethylene into ethyl alcohol (p. 195), 







H(0S0 3 H) 2 




When acetylene is heated at a dull-red heat it is converted into 
benzene (p. 376), 

3C 2 H 2 = C 6 H 8 . 


Constitution of Acetylene. As the two carbon atoms in the molec- 
ule of acetylene must be directly united, the first matter to consider 
is whether the two hydrogen atoms arc united to the same or to 
different carbon atoms— that is to say, whether the expression, 
CH 2 — C or CM— CH, represents the arrangement of the atoms in 
the molecule. Now, in the formation of ethylene, CM, — CM.,, 
from ethyl bromide, CH 3 -CM 2 Br, an atom of hydrogen and an 
atom of bromine are removed from different carbon atoms. As the 
formation of acetylene from ethylene dibromide, CH 2 Br— Cii,l r, 
apparently, is a change of the same kind, but one which involves the 
loss of two molecules of hydrogen bromide, it may be in erre t ia 
this loss takes place in two stages, each of which is similar to that 
which occurs in the production of ethylene. This argument, which 
is based on analogy, clearly points to the arrangement, • 

But since carbon is quadrivalent, and acetylene combines t ,r ^‘ cl ) 
with four univalent atoms of certain elements, the structure of the 
hydrocarbon is represented by the formula, II ^ » or 

CH=CH, or CM; CM, which is intended to show that the two 


1 This can be shown with the 
in the case of ethylene. 


aid of Hcmpcl’s gas-analysis apparatus, as 
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carbon atoms in the molecule are unsaturated and to a greater 
extent than are those in the molecule of ethylene. This view of the 
constitution of acetylene accords well with all that is known of the 
hydrocarbon. 

Thus, its formation by the electrolysis of a salt of fumaric acid 
(p. 348) is a reaction which lends support to the above structural 
formula (compare pp. 53, 86), 

CH— COOH CH— CO a H— CH 

11 = || + + III +2CO.+H,. 

CH— COOH CH— C0 2 H— CH 

The two carbon atoms in the molecule of acetylene are said to 
be united by a treble bond or treble linking ; this treble bond, 
like the double bond, is merely a convenient expression of certain 
facts — namely, that the carbon atoms which are represented as 
being trebly bound are capable of uniting with four univalent atoms 
of certain elements. 

When acetylene combines with two univalent atoms it becomes 
less unsaturated, and the two carbon atoms, which before were 
represented as being trebly bound, are now represented as being 
united by a double linking, as in the olefines, 

CH-CH+2H = CH 2 :CH 2 , CH:CH+Br 2 = CHBr:CHBr. 

When these additive compounds, which are still unsaturated, again 
combine with two univalent atoms, they are converted into saturated 
compounds, 

CH 2 :CH 2 +2H = CH 3 -CH 3 , 

CHBr:CHBr+Br 2 = CHBr 2 CHBr 2 . 

Allylene (methylacetylene), CH 3 C:CH, is prepared by heating 
propylene dibromide (dibromopropane) with alcoholic potash, 

CH 3 • CHBr • CH 2 Br+ 2KOH = CH 3 -CiCH+2KBr+2H 2 0. 

It is a gas, very similar to acetylene in properties, and it gives copper 
and silver compounds. 

Crotonylene (dimethylacetylene), CH 3 C:C CH 3 , prepared by 
warming 0-butylene dibromide (p. 92) with alcoholic potash, 

CH 3 • CHBr • CHBr • CH 3 + 2KOH = CH 3 C!C-CH 3 +2KBr+2H 2 0, 

is a liquid boiling at 27^ ; it does not form copper or silver deriva- 
tives with ammoniacal solutions of cuprous chloride or silver nitrate, 
as this property is shown only by hydrocarbons which contain the 
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group, — CiCH. Nevertheless crotonylene, like allylene, is a homo- 
logue of acetylene. 

SUMMARY AND EXTENSION 

The hydrocarbons of the C„H 2n _, series show isomerism which 
begins with the member containing three carbon atoms ; thus the 
molecular formula C 3 H 4 represents the following two compounds : 

CHj-CiCH CH 2 :C:CH j. 

Allylene or Methyl acetylene Allcne 

Allylene, like acetylene, contains two trebly bound carbon atoms, 
whereas allcne resembles ethylene in constitution, and contains what 
may be regarded as two pairs of doubly bound carbon atoms ; allene, 

therefore, is not a homologue of acetylene. 

The hydrocarbons, C„H 2n _„ are therefore classed in two groups : 
(1) The acetylene scries, consisting of those compounds which, like 
acetylene, contain the acetylenic binding, — C;C— ; and (2) the t 
olefines, or hydrocarbons, such as allene, CH 2 :C:CH 2 , and butadiene 
CH 2 :CH CH:CH*. which resemble the olefines in constitution and 
contain two ethylenic bindings. The former behave on the whole 
like acetylene, whereas the latter are similar to the olefines. 

The Acetylene Series. The more important members of this 
series are the gases, acetylene, CHiCH, and allylene, CII 3 C:CH, anil 

crotonylene, CH 3 -C:C-CH 3 , a liquid. 

Nomenclature. The members of this series have been given 

names derived from those of the paraffins and ending in yne, as tor 
example, ethyne, propyne, butyne, etc. Where isomerism occurs 
the position of the acetylenic linkage is shown by a numeral, as tor 
example, CHIC CH. CH,, butync-1, CH.dC CH,, hutync-2. 

The radical CH ;C — is called ethynyl. . 

Methods of Preparation. (1) The monohalogcn substitution 

products, or the dihalogen addition products of the olefines, arc 
heated with alcoholic potash, 

CH,:CHBr + KOH = CH - CH f KBr+H t O, 
CH 3 -CHBrCH 2 Br+2KOIi = CH 3 C;CH + 2KBr + 2H a O. 

Dihalogen compounds, containing the group CX 3 ® r 
such as those obtained by treating ketones or aldehydes wit l a pen a 
halide of phosphorus, may also be used, 

CH 3 • CBr* • CH 3 +2KOII - CH, C|CH +2KBr+2II 2 0. 

(2) Sodium acetylide is treated with an alkyl halide dissolved in 
liquid ammonia, or the Grignard compound of acetylene <p. 
treated with an alkyl halide. 
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(3) Aqueous solutions of the alkali salts of certain unsaturated 
dibasic acids are submitted to electrolysis, 

CH-COOH CH 
|| = HI +2CO,+H t . 

CH-COOH CH 

Physical and Chemical Properties. The members of the acetylene 
series up to C 12 H 22 are gases or volatile liquids, having a peculiar 
odour. They are soluble in alcohol and other organic liquids, and 
burn with a luminous, very smoky flame. 

Those which contain the group, = CH, form metallic compounds 
such as cuprous acetylide, C 2 Cu 2 , and silver acetylide, C 2 Ag., when 
treated with ammoniacal solutions of cuprous chloride or of silver 
nitrate. The copper compounds are red, the silver compounds 
colourless, and both classes are explosive, the latter more so than the 
former. These compounds are decomposed by hydrochloric acid 
and also by warm potassium cyanide solution, the acetylenes being 
regenerated. The di-olefines, and those members of the acetylene 
series, such as CH 3 • C • C • CH 3 , which do not contain the group, =CH, 
do not form such metallic derivatives. 

The hydrocarbons of the acetylene series may be caused to combine 
with the elements of water by dissolving them in strong sulphuric 
acid, and warming the diluted solution ; or by shaking them with 
a concentrated aqueous solution of mercuric chloride or nitrate, and 
then decomposing the precipitate which is formed with a dilute 
mineral acid ; or, in some cases, by merely heating them with water 
at about 325°, 

ch;ch+h 2 o = ch 3 -cho, 
ch 3 -c:ch+h 2 o = ch 3 -co-ch 3 . 

In the case of all the higher members, combination takes place in 
such a way that the oxygen atom becomes united with the carbon 
atom which is not combined with hydrogen ; allylene, for example, 
yields acetone, as shown above, and not propionaldehyde. 

The acetylenic hydrocarbons combine directly with two molecules 
of chlorine, bromine, halogen acids, etc., and with nascent hydrogen, 
the action taking place in two stages, 

CH S -C; CH+ Br a - CH 3 • CBr:CHBr, 
CH 3 -CBr:CIIBr + Br 2 = CH 3 -CBr 2 -CHBr a ; 

they also combine with halogen acids and in the final product both 
the halogen atoms are united to the same carbon atom, 

CH 3 • C • CH +2HBr = CH 3 -CBr a -CH 3 . 

Like the olefines, they are readily oxidised and finally converted into 
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products which contain a smaller number of carbon atoms in their 

molecules than the original compounds. 

They combine with one molecule of ozone forming ozomdes, 
whereas di-olefines unite with two molecules of ozone to give di- 

ozonides. _ . . , . , 

Those compounds containing the group, =CH, react with ethyl 

magnesium bromide giving ethane and substances, =C MgBr, which 
can be used for the synthesis of acetylenic derivatives. 

Dipropargyl is an interesting member of the di-acelylene series 
and is isomeric with benzene (p. 376) ; it may be prepared from 
diallyl (below). It boils at 85-4°, and resembles acetylene m forming 

copper and silver derivatives. _ 

The Di-olefine Series. Allene (p. 103), the simplest di-olefine, is 

of little importance. 

Butadiene, CH 2 :CHCH:CH 2 , may be prepared by passing 
l:3-butylcne glycol (obtained from aldol) over heated lime, 

CH 2 (OH)CH 2 CH(OIl)CH, = CII 2 :CHCH:CM t +2H 3 0. 

It boils at -3° and is used in the manufacture of synthetic rubber 


Isoprene (/?-mcthylbutadienc), CH 2 :C(CH 3 )CH:CH 2 , may be 
obtained by the destructive distillation of natural rubber ; it boils 
at 341°. When it is heated under pressure or treated with sodium 
it undergoes polymerisation, giving a product which is like rubber. 
Various syntheses of isoprene arc given later (Part 111). 

Diallyl, CH,:CH CH, CH, CH:CH„ .s also a hydrocarbon of 

the di-olefine series. It boils at 59-4* and may be prepared by "“Ton 
allyl iodide (p. 339) with sodium or magnesium in ethereal soluti , 

2CH 2 :CH -CH 2 I +2Na = CH 2 :CHCH 8 CH 2 CH:CH 2 + 2NaI. 

It combines directly with /teo molecules of bromine, yie'ding 
tetrabromide, which, when dropped into hot alcoholic potash, 

verted into dipropargyl, 

CH 2 BrCHBrCH 2 CH 2 CHBrCH 2 BM4KOHj= 

CII :C-CH 2 CH 2 'C;CI I +4KBr+4H 2 0. 



CHAPTER 8 


THE MONOHYDRIC ALCOHOLS 

The monohydric alcohols form a homologous series of the general 
formula, C n H 2n+1 -OH, or ROH. 1 They may be regarded as 
derived from the paraffins by the substitution of the univalent 
hydroxyl group for one atom of hydrogen. 

Methyl alcohol, CH 3 OH, derived from methane, CH 3 H 
Ethyl alcohol, C,H 5 - OH, derived from ethane, C 2 H 5 -H 
Propyl alcohol, C 3 H 7 OII, derived from propane, C 3 H 7 -H, etc. 

Methyl alcohol, methanol , 2 or wood-spirit , CH 3 OH, occurs in 
a combined form in certain essential oils — as, for example, in oil 
of winter-green ( Gaultheria procumbens), which contains methyl 
salicylate (p. 534). It may be obtained from methane by first con- 
verting the hydrocarbon into methyl chloride, and then heating the 
latter with a dilute aqueous solution of potassium hydroxide in 
closed vessels, 

CH 3 Cl+KOH = CIVOH+KCl. 

I hese operations are difficult to carry out and are only of theoretical 
interest as stages in a complete synthesis of the alcohol. 

Methyl alcohol is manufactured synthetically from carbon mon- 
oxide and hydrogen ; the mixture (water-gas) is passed under 
pressure over a catalyst, at about 300-400°, 

CO+2H 2 = CH 3 *OH, 

and the product, which also contains propyl and trobutyl alcohols 
(p. 367) and many other compounds, is submitted to fractional 
distillation ; it is also made by the direct oxidation of methane. 

Methyl alcohol used to be prepared on the large scale from the 
products of the destructive distillation of wood, a process now little 
used. \\ hen wood is heated in iron retorts out of contact with the 
air, gases are evolved ; water, methyl alcohol , acetic acid , acetone, 

tar, and other products collect in the receiver, and wood charcoal 
remains. 

1 R represents an alkyl radical (compare p. SO). 

ROHf p te i2 n i) nati ° n 0l ' S USed the s >' stematic names °f all compounds, 
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After the distillate has settled, the brown aqueous layer (pyro- 
ligneous acid), which contains the above named and many other 
substances, is separated from the wood tar and distilled from a 
copper vessel ; the vapours arc first passed through hot milk o 
lime, to free them from acetic acid, and then through a series ot 
rectifiers or fractionating columns, whereby ‘ crude wood alcohol 
is obtained. This product contains about 70% of methyl alcohol, 
16% of acetone and other ketones (p. 144), 8% ot water, and > 0 
of a mixture of aldehydes, methyl acetate, amines, and oily matter. 
By further fractional distillation, after treatment with sulphuric 
acid, caustic soda, etc., methyl alcohol up to about 99 , 0 purity- 

may be obtained. , , , 

Pure methyl alcohol can be prepared in the laboratory by 

warming this impure liquid with anhydrous oxalic acid, when 

crystalline dimethyl oxalate is produced (p. 275), 

2CH 3 0H+C 2 0 4 H s = C 2 0 1 (CH 3 ) ; + 2H 2 0; 


this is well drained on a filter-pump, washed with a little water, 
and hydrolysed with alkali. The methyl alcohol, distilled from the 
alkaline solution, is then freed from water by distillation first with 
quicklime and then with calcium (or with magnesium methox.de. 
compare p. 114). 

Methyl alcohol is a mobile liquid of sp. gr. 0-796 at 15° ; it boils 
at 64-7°, and has an agreeable vinous or winc-like odour and a 
burning taste ; it is poisonous, causing blindness and madness. 
It is miscible with water, a slight contraction in volume taking place, 
with the development of heat ; it burns with a pale, non-luminous 
flame, and its vapour forms an explosive mixture with air or oxygen, 

2CM 3 01U 30 2 = 2C0 2 +4H,0. 

It is largely used in making methylated spirit (p. 115), as a solvent 
in the manufacture of dyes and varnishes, and as an anti-frce/c in 
radiators ; also for the preparation of methyl chloride, forma - 
dehyde, perfumes, fine chemicals, and many methyl esters. 

Methyl alcohol is rapidly attacked by sodium and potassium, 
with the evolution of hydrogen and formation of metallic com- 
pounds called methoxidcs or methylates , 

2CH 3 OH + 2Na = 2 CH 3 -ONa+H 2 , 

a reaction which is similar to that of the decomposition of water by 
sodium. Sodium methoxide is readily soluble in methyl alcohol, 
but can be obtained in a solid condition by evaporating the solution 
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in a stream of dry hydrogen ; it is a crystalline, very deliquescent 
compound, which rapidly absorbs carbon dioxide from the air, and 
is completely decomposed by water with the regeneration of methyl 
alcohol, 

CH 3 0Na+H 2 0 = CH 3 OH+NaOH. 

Potassium methoxide has similar properties. 

Although neutral to indicators, methyl alcohol acts like a very 
weak basic hydroxide, and with acids it gives esters and water ; 
when saturated with hydrogen chloride, it is partly converted into 
methyl chloride (compare p. 70), 

CH 3 OH+HCl ch 3 ci+h 2 o, 

and, when warmed with sulphuric acid, it gives methyl hydrogen 
sulphate, and very small proportions of dimethyl sulphate, 

CH 3 0H+H 2 S0 4 — CH 3 HS0 4 +H 2 0, 
2CH 3 0H+H.,S0 4 (CH 3 ) 2 S0 4 + 2HoO. 

It also reacts with organic acids such as acetic acid, 

CH3 OH+HO OC CH 3 zi CH 3 0 0C CH 3 +H 2 0. 

These reactions may be compared with those which occur when 
a metallic hydroxide is treated with an acid, but they take place 
incompletely even in the presence of a large excess of the acid 
(p. 188). 

With acetic anhydride (p. 176) or acetyl chloride (p. 173), methyl 
alcohol gives methyl acetate (p. 186). With phosphorus bromides 
or oxybromide, methyl bromide is formed, 

3CH 3 OH+PBr 3 = 3CH 3 Br+H 3 P0 3 , 

CH 3 OH+PBr 6 = CH 3 Br+HBr+POBr 3 , 

3CII 3 OH+POBr 3 = 3CH 3 Br+H 3 P0 4 , 

and a mixture of red phosphorus and iodine gives methyl iodide. 

The chlorides and oxychloride of phosphorus give, however, only 
a small proportion of methyl chloride. 1 


1 The principal products are esters derived from phosphorous or phos- 
phoric acid, r 

3CH, OM + PCh = CHjCl-f 2HC1 fP(OH)(OCH 3 ), 

3CHj OH+PCl* = PCl a (OCH 3 )j+3HCl. A ^ 

Similar reactions occur with other alcohols (and phenols). 
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Methyl alcohol is readily oxidised, 1 giving first formaldehyde, 
then formic acid, and finally carbonic acid, 

CH3 OII+O = CH,0+H,0, CH 2 0+0 - H-COOH. 

The presence of water in methyl alcohol may be detected by a 
sp. gr. determination or by adding a large volume of benzene (which 
gives a turbidity); acetone, a common impurity in wood-spirit, 
may be detected by means of the iodoform reaction (p. 112). 

Constitution of Methyl Alcohol. As it may be assumed that the 
atoms in the molecule, CH 4 0, have their normal valenctes, the only 
possible structural formula for methyl alcohol is 

H 

CH 3 OH or H— C-O-H 

H 

and a study of the methods of formation and chemical properties of 
methyl alcohol leads conclusively to the adoption of this formula. 

Since only one of the four hydrogen atoms in methyl alcohol, 
CH 4 0, is displaceable by potassium or sodium, it must be con- 
cluded that this particular hydrogen atom is in a dillercnt state o 
combination from the other three ; further, methyl alcohol is formed 
by the action of dilute alkalis on methyl chloride, 


CH3CI + KOH = CH3OH+KCI, 

and the three hydrogen atoms in methyl chloride, which are known 
to be combined with carbon, arc not displaceable by metals. is 
clear, therefore, that the displaceable hydrogen atom in methyl 
alcohol is not combined with carbon, but with oxygen. 1 he above 
formula also accounts for the fact that the oxygen atom cannot be 
displaced without one of the hydrogen atoms accompanying 1 , 
when the alcohol is treated with HC1, PBr 3 , PBr„ etc., the univalent 
hydroxyl group is displaced by atom of the univalent halogen. 
Methyl alcohol, in fact, is methyl hydroxide , and may be regarc c 
as derived from water, H-O-II, by the substitution of the uni- 
valent CH 3 — group for one atom of hydrogen, just as sodium 
hydroxide, Na-OH, is obtained by the substitution of one atom 
of sodium. Like very weak basic hydroxides, it reacts with acids 


1 The common oxidising 


the Index. 
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until an equilibrium is established (p. 188), and like water, it con- 
tains hydrogen displaceable by metals, but it differs widely from 
metallic hydroxides in most respects. It may also be considered as 
a hydroxy-substitution product of the paraffin, methane ; it is 
termed a monohydric alcohol because its molecule contains one 
hydroxyl group. 

Ethyl alcohol, ethanol, alcohol, or spirit of wine, C 2 H 5 -OH, has 
been known from very early times, as it is contained in all fermented 
liquors ; it occurs in many plants in combination with organic acids. 

It may be obtained from ethane by converting the hydrocarbon 
into ethyl chloride (p. 71) and heating the latter with dilute alkalis 
under pressure, a method of theoretical interest only, 


C 2 H 5 C1+K0H = C 2 H 6 0H+KC1 ; 


also by passing ethylene into fuming sulphuric acid, and then 
boiling the solution of ethyl hydrogen sulphate with water (pp. 194, 
195), or from ethylene and steam under pressure in the presence of 
a suitable catalyst, 


c 2 ii 4 +h 2 o = c 2 h 5 oh, 

and by reducing acetaldehyde (p. 138) with hydrogen in the presence 
of nickel, C,H,0+2H - C t H„0. 


Since ethylene can be obtained from cracked petroleum and acetal- 
dehyde from acetylene, these reactions are of importance in the 
manufacture of ethyl alcohol. 

Alcohol may be prepared by adding brewer’s yeast (5 g.) to a 
aqueous solution (500 c.c.) of ordinary sugar ( sucrose ) and 
keeping the mixture at about 25°. In the course of a few hours the 
liquid begins to ‘ work ’ or ‘ ferment ’ and frothing occurs, owing 
to the evolution of carbon dioxide ; very complex changes are 
brought about by the yeast (p. 332), but the formation of the main 
products may be summarised as follows : 


CjjjHooOh+HjjO = C 6 H ]2 0 6 +C 6 H I2 0 c , 

Sucro*.c Glucose Fructose 

C 6 H 12 O a = 2 CoH 6 0+2C0 2 . 

Glucose or Fructose 

After the lapse of twenty-four hours or so, the yeast is separated 
by filtration, and the solution is distilled until about one third, 
winch contains practically all the alcohol, has passed over. A more 
concentrated sample, which burns readily when ignited, may be 
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obtained by a second fractional distillation, and this product may 
then be further dehydrated by leaving it in contact with quicklime 
during about twenty-four hours and again distilling. Alcohol 
containing about 0-2% of water can be thus obtained, but it is 
impossible to remove the water completely by distillation over lime 
(compare p. 114). 

Alcohol is a mobile liquid of sp. gr. 0-790 at 15 ; it has a pleasant 
vinous odour and a burning taste ; it boils at 78-5 , but does not 
solidify until about -112° (hence its use in alcohol thermometers). 
It burns with a pale, non-luminous flame, and its vapour forms an 
explosive mixture with air or oxygen, 

C 2 H 6 0H+30 2 = 2C0 2 +3H 2 0. 

It mixes with water in all proportions with the development of 
heat and a diminution of volume ; 52 vol. of alcohol and 48 vol. 

of water give a mixture occupying only 96-3 vol. 

Alcohol is used in large quantities for the manufacture of 
methylated spirit, ether, acetaldehyde, chloral, chloroform, esters, 
etc. It is a very important solvent for gums, resins, and other 
substances, in the preparation of tinctures, varnishes, perfumes, 
etc. ; it is also used as a fuel for internal combustion engines, as an 
anti-freeze in radiators, and for the preservation of biologica 

specimens. . . 

Ethyl alcohol closely resembles methyl alcohol in chemical 

properties. It is rapidly acted on by sodium and potassium, with 
the evolution of hydrogen and formation of ethoxuies or ethylates, 

2C 2 H 0 OH+2Na = 2C,II 6 ONa+H*. 

These compounds arc readily soluble in alcohol, but may be obtained 
in a solid condition by evaporating the solvent in a stream of 
hydrogen or by heating anhydrous alcohol, dissolved in toluene, 
with the theoretical quantity of the metal until action ceases. icy 
are crystalline and hygroscopic, rapidly absorb carbon dioxide from 
the air, and are immediately decomposed by water, with the re- 
generation of alcohol. 

Sodium ethoxide is an important reagent in organic chemistry. 

Aluminium ethoxide (or ethylate), AI(OC 2 1 1 0 ) 3> is formed In 
treating alcohol with amalgamated aluminium in the presence o 
iodine ; it melts at 140° and differs notably from the ethoxides ot 
the alkali metals inasmuch as it may be distilled under great \ 
reduced pressure. 
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Although neutral to indicators, alcohol acts like a weak basic 
hydroxide, and with acids it gives esters and water, 

c 2 h 5 oh+hi = c 2 h 5 i+h 2 o. 

\\ ith sulphuric acid, it first gives ethyl hydrogen sulphate (p. 194) 
and then ethylene (p. 86) or ether (p. 126), according to the con- 
ditions of the experiment. It reacts violently with phosphorus 
pcntachloride, giving some ethyl chloride (footnote, p. 108), and 
with the bromides of phosphorus, or with red phosphorus and 
iodine, it is converted into ethyl bromide or iodide respectively, 

6C 2 H 5 • OH -f 2P+ 3 1 2 = 6C 2 H 5 I+2H 3 P0 3 . 

Alcohol is readily oxidised by chromic acid, yielding acetaldehyde, 
which on further oxidation is converted into acetic acid, 


c 2 h 5 oh+o = c 2 h 4 o+h,o, c 2 h 4 o+o = C 2 H 4 Oo. 

In the presence of the ferment, Bacterium aceti, under certain con- 

ltions (p. 16)), it is oxidised to acetic acid at ordinary temperatures 
by atmospheric oxygen. 

I he presence of alcohol in dilute aqueous solutions is very easily 
detected. (1) The solution (2-3 c.c.) is gently warmed with a little 
potassium dichromate and dilute sulphuric acid ; if alcohol is 
present the highly characteristic odour of acetaldehyde is observed, 
and the dichromate is reduced. (2) The solution is gently warmed 
with a few small crystals of iodine, and a solution of sodium 
hydroxide is then added drop by drop until the colour of the iodine 
disappears. If alcohol is present, a yellow precipitate of iodoform 
is produced either immediately or after some time ; 1 * iodoform may 
e recognise by its odour and by the characteristic appearance 
under the microscope of its six-sided crystals. By this test (Lieben’s 
rorfo/orwi react, on) it is possible to detect 1 part of alcohol in 2000 
parts of water. The iodoform reaction, which may also be carried 

nlk,1 W V P° chlor,te ,? nd an iodidc ’ "^ead of with iodine and 
n , v P i 8 ,\ IS , es P cc,all y Suable for distinguishing ethyl from 
Z the ' ° , ° r ( or . tcst i n 8 for et M alcohol in methyl alcohol), 

sub staid! t g,VC thC 10d ° f0nn reaction S but as many other 
b S * Uch f as ac f e !°" e and acetaldehyde, give the reaction 

if ethyl’alcohor ° f 10d0f ° rm not be a proof of the presence 


1 Iodoform is soluble in alcohol • 

precipitate may not be produced until 


if the solution is rich in alcohol 
after the addition of water. 
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The presence of water in alcohol may be detected but not very 

easily if the proportion is small, by the following test . ( ) 

anhydrous copper sulphate is added to the s »7' e 

present the colourless powder slowly turns blue, owing to the 

formation of the hydrated salt . (2) A large volume 
is added to the sample ; if water is present the mixture is tur , 
owing to the separation of droplets. The presence of water may 
22 detected^ its quantity may be estimated by determining 

the Th P e Ll“e^ P a,c2. has already been discussed (p . 46) 
and it has been shown that the methods of formation and the 
chemical behaviour of this compound can only be accounted for 
satisfactorily with the aid of the following structural formula . 

H H 


H— (t— C— O— H, or C.Hj-OH. 


H H 

Ethvl alcohol like methyl alcohol, is a monohydroxy-substitution 
product of a ar’affin and Imonohydric 

are similar in properties became they are s.mdar m st uctur ^ 

Manufacture of Alcohol. Alcohol is prepared on the la ge^scale 

(«) from canc- or beet-sugar, (») from potatoes, g - . 

other substances rich in starch, (c) from ethylene Pj ; ^ 

(d) from acetaldehyde ( PP . HO, 360); the method 

on the raw materials available in the country of manufacture. 

(e) Instead of the refined sugar the syrupy mother hq«°r 
(molasses or treacle), from which the sugar ha been se P ra 
(p. 322), is employed, and after dilution the solution is fermented 

with yeast (pp. 110, 331). 

(6) The raw material is reduced to a pulp 
mixed with a little malt, and the mixture kept at about 55 <lurj 
30-60 minutes, when diastatic fermentation (p. 332) tak 1 . , 

the starch is converted into maltose and c extrin, 

3C t H 10 O s +H 1 O = C,.,H 22 O n +C 0 lI,oO & . 1 

Starch D “ mB 

* Starch and dextrin have the same empirical fonnula, but their molecular 
formulae are uncertain (p. 327). 
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The solution is then cooled to about 25°, yeast is added, and the 
mixture is kept until alcoholic fermentation is at an end ; during 
this process both the maltose and the dextrin are first converted 
into glucose (p. 1 10). 

Diastatic and alcoholic fermentations are brought about by 
substances, which are known as enzymes , contained in sprouted 
barley (malt) and yeast respectively. The reactions which occur 
are discussed later (p. 330). 

Starch may be converted directly into alcohol by suitable moulds 
( Rhizopus Delemar). The organism (which during its growth secretes 
the enzymes necessary to bring about the change) is extremely 
efficient, and about 0-5 g. of the mould is all that is required to 
‘ seed ’ a tank containing up to 20,000 gallons of starch pulp. The 
operation occupies about four days and is known as the amylo- 
process. It is possible to obtain alcohol from starch by other 
methods, since starch is converted into glucose when it is heated 
with dilute sulphuric acid, and the solution, having been neutralised 
with lime, can be fermented with yeast. 

Alcohol may also be produced from the cellulose contained in 
sawdust and other vegetable products, because cellulose, heated 
under pressure with hydrochloric acid, is partially converted into 
glucose, which may then be fermented with yeast. 

1 he weak solution of alcohol, obtained by any of these methods, 
is submitted to fractional distillation in various forms of continuous 
stills ’ of a complex structure, whereby a product which contains 
about 96% of alcohol is obtained. 

1 he remainder of the water cannot be separated by fractionation 
as a mixture of constant boiling-point, containing 95-6% of alcohol 
and boiling at 78-15 , passes over. When, however, a little benzene 
is added distillation affords : (1) a small fraction of water, benzene, 
and alcohol (b.p. 64-S ) ; (2) a small fraction of benzene and alcohol 

(b.p. 68-2 ) ; and (3) alcohol (b.p. 7S-5°), containing only traces of 
water, if any. 

Foi some purposes, alcohol free from even traces of water is 

required ; this may be obtained by boiling a highly concentrated 

sample with calcium or calcium carbide during several hours and 
then distilling. 

A better method is to treat the sample (50-75 c.c.) with mag- 
nesium (4-3 g.) in the presence of iodine (04-0-5 g.) in order to 
produce magnesium evioxide ; the rest (say 900 c.c.) of the alcohol 



THE MONOHYDRIC ALCOHOLS 


115 


is then added, and the mixture is boiled during about 30 minutes. 
Any water which may be present reacts with the magnesium 
ethoxide, giving magnesium hydroxide, from which the an i> rous 
alcohol is then distilled. 

As alcohol is very hygroscopic, care must be taken to exclude 
moisture during its dehydration ; anhydrous alcohol is often called 

Fusel oil is an important by-product in the manufacture o 
alcohol (p. 332) ; it consists mainly of two amyl alcohols (p. 
but the crude mixture also contains propyl and isobutyl alcohols. 

Methylated spirit. All alcoholic beverages are subject to an 
excise duty, and for that reason the manufacture of alcohol in general 
is strictly controlled by the Government ; nevertheless, the pro- 
duction and use of ‘ duty-free spirit ’ for scientific work are permittee 
(under licence), and also its employment for general industrial and 
other purposes when it is in the ‘ denatured form o met \) a 
spirit.’ This commercial mixture, of which various blends are 
made, may consist of about 90% of distilled alcohol (containing 
5-20% of water), about 10% of partially purified wood-spirit 
methyl alcohol, and a small quantity of pyridine ; the woot spir 
and pyridine render the alcohol noxious and un it to nn , 
without greatly affecting its usefulness for other purposes (sm. 
quantities of a dye, such as methyl violet, are also often a c )• 

Alcoholometry . In order to ascertain the concentration of a sample 
of alcohol — that is, the percentage of pure alcohol >n aqueou 
spirit— it is only necessary to determine the speci ic gr.iM y 
sample at a standard temperature, and then to refer to P l 
tables, in which the sp. gr. of any mixture of a co aI \ 15.5° 
given. If, for example, the sp. gr. is found to be ■ 

reference to the tables would show that the samp e containe 

of alcohol by weight. , . . 

For excise and general purposes, the sp. gr. is itcrmi 
the aid of hydrometers, graduated in such a manner that the per 
centage of alcohol can be read off directly on the scale. I he standar 
referred to in this country is proof -spirit, which contains ,0 

weight, or 57-1% by volume, of alcohol ; it is defined by 
Parliament as being 4 such a spirit as shall at a tc ‘" 1 P tratll | X ,° Sn : r ; ts 
weigh exactly { i(ths of an equal measure of distil e wa e • ‘ 

arc termed under or over proof according as t iey dr y c ‘ » V() j 
stronger than proof-spirit : thus 20' over proof means i< , 

of this spirit, diluted with water, would yield 120 vol. of proot 
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spirit, whilst 20° under proof means that 100 vol. of the sample 
contain as much alcohol as 80 vol. of proof-spirit. 

The name proof-spirit owes its origin to the ancient practice of 
testing the strength of a sample of alcohol by pouring it on to gun- 
powder and then applying a light. If the sample contained more 
than a certain proportion of water, it did not inflame, or the alcohol 
burnt away, leaving the powder so damp that it did not ignite ; but 
if the proportion of water was below a certain limit, the alcohol 
burnt away and the gunpowder then took fire. A sample which 
ignited the powder was called proof-spirit. 

For the determination of alcohol in beers, wines, and spirits, a 
measured quantity of the sample is distilled until about one third 
has passed over. The distillate, which contains the whole of the 
alcohol, is then diluted with water to the volume of the original 
sample, at the standard temperature, and its sp. gr. is determined ; 
the percentage of alcohol is found by referring to the tables already 
mentioned. Distillation is necessary because the sugars and other 
dissolved matter, contained in the sample, influence the sp. gr. 
so much that a direct observation would be of no value. 

Homologues of Ethyl Alcohol. All the members of the series 
of monohydric alcohols may be considered as derived from the 
paraffins by the substitution of the univalent HO — radical for one 
atom of hydrogen. Except the first two members, they all show 
isomerism, and as two or more isomerides may be derived from one 
hydrocarbon, the number of isomeric alcohols is greater than that 
of the corresponding paraffins. There is, for example, only one 
hydrocarbon, C 3 1I 8 (propane), but two isomeric alcohols are derived 
from it — namely, propyl alcohol, CH 3 CH 2 CH 2 OH, and iso- 
propyl alcohol, CH 3 CH(OH)CH 3 . From C 4 II 10 four, and from 
C 6 Hi 2 eight, isomerides are derived, the number increasing rapidly 
as the series progresses. 

In order to distinguish the various isomerides by names expressive 
of their structures, the alcohols may be considered as derivatives of 
methyl alcohol, CH 3 OH, which for this particular purpose is called 
carbinol. Thus, propyl alcohol, CH 3 CH,CH 2 OH, may be 
termed ethyl carbinol, because it may be considered as derived from 
carbinol by the displacement of one atom of hydrogen by the ethyl 
group, C 2 I1 5 — . /ropropyl alcohol, (CH 3 ) 2 CH OH, may be called 
dimethyl carbinol, and regarded as derived from carbinol by the 
substitution of two methyl or CH 3 — groups for two atoms of 
hydrogen. Such names as these serve to express the constitutions 
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of the substances, as will be seen by considering the case of the 
four isomeric butyl alcohols, C 4 H 9 • OH : 

CH 3 -CH s CH 3 CH a OH Normal 1 primary butyl alcohol, or 

propyl carbinol. 

Secondary butyl alcohol, or methyl- 
ethyl carbinol. 


CH 3 -CH(OH)CH 2 CH 3 


^ 3 >CH-CH 2 OH 

ch 3 \ 

CH 3 -^C • OH 
CH S / 


* 

Primary uobutyl alcohol, or isopropyl 
carbinol . 2 

Tertiary butyl alcohol, or trimethyl 
carbinol. 


Classification of Alcohols. Three types y an( j 

alcohols are distinguished— namely, primary, s y, 

as, for example, 

^ ftio Stf: 

ation with chromic acid, etc., they arc converte 1 

( P . 133) and then into fatty acids (p. 160) the group, -Cl 1 2 OH, 

being transformed first into -CHO, and then into -COOH, 

ch 3 ch 2 oh+o = ch 3 cho+h 2 o, 

CH 3 CH0+0 = CH 3 CO OH. 

These oxidation products contain the same number o^arbonatoms 
in the molecule as the alcohols from which tieyar CH OH, 

' o. r .L. — - 

into ketones each of which contains the sa,ne number o catbo" 

<P *’ CH,-CH(0H) CH,+ 0 = CH,-CO-CH,+ H i O. 

Tertiary alcohols, such as tertiary butyl alcohol. (CH.1.C ^ OH) 
containTe group, R,C ■ OH, and may be regarded as trt-subsu.u.ton 

1 The term ‘ normal ' is applied to those alcohols which arc ch r 

normal paraffins (p. 60). , ttrimarv (or secondary in the 

* The term * iso * is often applied to those contain the group 

case of uopropyl alcohol) alcohols the molecules ol wh.c 

(CH|) a CH — . 
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products of carbinol. On oxidation their molecules are broken up 
with the formation of ketones and acids, products which necessarily 
contain a smaller number of carbon atoms in their molecules than 
the alcohols from which they are derived. Tertiary butyl alcohol, 
or trimethyl carbinol, (CH 3 ) 3 C(OH), for example, yields acetone, 
CH 3 CO CH 3 , acetic acid, CH 3 COOH, and carbon dioxide. 

The three classes of alcohols may also be distinguished by passing 
their vapours over heated nickel, as, under these conditions, primary 
alcohols give the corresponding aldehydes and hydrogen, secondary 
alcohols give the corresponding ketones and hydrogen, whilst 
tertiary alcohols give olefines and water. 

Tertiary alcohols usually decompose very readily when they are 
wanned with zinc chloride, phosphorus pentoxide, etc., or even 
when they are heated alone, giving an olefine and water. Tertiary 
butyl alcohol, for example, yields isobutylene, (CH 3 ).C:CH S . Esters 
of tertiary alcohols behave similarly, giving an olefine and an acid. 


Conversion of Primary into Secondary and Tertiary Alcohols. A 
secondary alcohol may be prepared from the corresponding primary 
compound by first converting the latter into an olefine, 


CH 3 CH 2 CH 2 OH = CH 3 CH:CH 2 +H 2 0. 

The olefine is then dissolved in anhydrosulphuric acid, when an 
alkyl hydrogen sulphate is formed, the — S0 4 H group uniting with 
that carbon atom which is combined with the smaller number of 
hydrogen atoms, 

CH 3 • CH:CH a + H 2 S0 4 = ^ 3 >CH-S0 4 H. 

3 

I he alkyl hydrogen sulphate is finally converted into a secondary 
alcohol by boiling it with water, 


CH3 >CH - SO i H + H 2° = cH 3 >CH - OH+H 2 S °4- 

In a similar manner, a primary alcohol, such as tsobutyl alcohol, may 
be converted into the tertiary alcohol, trimethyl carbinol, 


CH 3 3 > CHCH 2° H 

CIl3 ^C^ CII 3 

ch 3 > c <so 4 ii — 


* CHj> C;CH , 

CH 3^ r ^ CH 3 

ch 3 > l <oh 


Propyl alcohol (normal), CH.-CH.-CH.-OH, is one of the 
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components of fusel oil (p. 332), from which it may be obtained by 
fractional distillation ; it is also manufactured from carbon mon- 
oxide (p. 106). It is formed when propyl iodide is heated with fresh v 

precipitated silver oxide and water, 

C 3 H 7 I+Ag-OH = C 3 H 7 -OH+AgI. 

It is a liquid of sp. gr. 0-804 at 20°, boiling at 97\ and is miscible 
with water. On oxidation with chromic acid, it gi'cs rst propi 
aldehyde, and then propionic acid, 

ch 3 • ch 2 • CH 2 • OH+ O = CH 3 • CII 2 -CHO+HA 
CH 3 • CH 2 • CH 2 • OH + 20 = CH 3 CH 2 -C0-0H+H,0. 

/sopropyl alcohol, (CH 3 ) 2 CH OH, may be prepared by the 
reduction of acetone with sodium amalgam am " a L 
hydrogen and nickel (p. 405), 

CH 3 -CO-CH 3 +2H = CH 3 -CH(OH)-CH, 

It may also be produced by treating acetaldehyde wit! h methyl 
magnesium iodide, and decomposing the pro uc pyl- 

acid (p. 238). It is now prepared commercially by P- n« pjop^ 
ene into sulphuric acid and warming the uoprop) > 
sulphate thus formed with water (p. 36b), 

CH 9 CH:CH,+H 3 S0 4 = Cl^-eHfSO^HJ-CHj 
CH 3 CH(S0 4 H)CH 3 +H,0 «= CH 3 *CH(OH)-CIl 3 :• * 

It is a liquid of sp. gr. 0-789 at 20°, and boils at » 2 ’ ^ 1^ 
than does normal propyl alcohol. On oxidation it )ic t 

^ 45) ’ CH 3 CH(0H) CH 3 4-0 = CH 3 -CO-CH 3 +HoO, 

and when heated with zinc chloride it gi\ cs propjlcnc. 

There arc four isomeric butyl alcohols CJU 
butyl alcohol . a liquid boiling at 117% may be obtained b «. .luu g 
bu^raldehyde, CH.-CH.-CH. CMO. It is / h > 

reducing crotonaldehydc (p. 369) and has ecn pr ^ potato . 
large scale, together with acetone, by the ‘ ul(urc ). This 

starch, or maize, with certain bacteria (Km acetone 

organism converts starch into butyl alcohol (30- J ^ w|wn 

(14-28%), and hydrogen. During the 'V j . alcohol was a 
acetone was manufactured by this process ic > 0 f butvl 

more or less useless by-product ; now, however, ^ solvents 

alcohol, such as butyl acetate and lactate, are valuable 
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(especially for cellulose esters used in lacquers) and plasticisers. 
Butyl alcohol can also be used for the production of butadiene, 
CH 2 :CHCH:CH 2 , and then synthetic rubber (p. 369). 

Iso butyl alcohol, or isopropyl carbinol, (CH 3 ) 2 CH-CH 2 -OH, is 
contained in fusel oil and in the product from carbon monoxide 
and hydrogen (p. 106). It boils at 108°. 

Methylethyl carbinol, CH 3 - CH(OH) • C 2 H S , may be obtained by 
reducing methylethyl ketone, CH 3 COC 2 H s (p. 152), or by 
treating acetaldehyde with ethyl magnesium bromide, and then 
decomposing the product with an acid (p. 238) ; it is prepared 
commercially from the butylenes contained in cracked petroleum 
(p. 368). It boils at 99°. 

Trimethyl carbinol, (CH 3 ) 3 C-OH, may be prepared from acetone 
or ethyl acetate with the aid of methyl magnesium iodide (p. 238) ; 
also from irobutyl alcohol (p. 118) or isobutylene. Trimethyl 
carbinol is one of the few alcohols of low molecular weight which 
is solid at ordinary temperatures. It melts at 25°, and boils at 83°. 


Amyl alcohols, C 6 H n -OH. Of the eight structural isomerides 
theoretically capable of existing, all of which are known, the follow- 
ing are the main components of fusel oil (p. 332) : 


/soamyl alcohol 

3-Methylbutanol-l 

Active amyl alcohol 

2-Methylbutanol-l 


ch 3 

ch 3 

ch 3 

ch 3 -ch 2 


>chch 2 ch 2 oh. 


>chch 2 oh. 


B.p. 131°. 
B.p. 128°. 


Commercial amyl alcohol is prepared from fusel oil by fraction- 
ation, and contains about 87% of isobutyl carbinol and about 
13% of active amyl alcohol, for the separation of which (rarely 
carried out) chemical methods would be necessary. It has a 
pungent, unpleasant smell, boils at about 130°, and is used as a 
solvent and in the preparation of essences and perfumes (p. 198). 
Other commercial mixtures of amyl alcohols are prepared from 
petroleum pentane by chlorination, followed by hydrolysis, and 
also from the amylenes of cracked petroleum (p. 368). The esters 
of amyl alcohols are largely used as solvents for cellulose lacquers. 


SUMMARY AND EXTENSION 

The Monohydric Alcohols. Hydroxy-derivatives of the paraffins 
of the general formula, C n H 2u+ ,.OH or R OH. The more important 
members of the series are the following: the letters p., s., t., in 
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SE.tr 

i) n Sn. ur. 


Methyl alcohol (p.) 

Ethyl alcohol (p.) 

Propyl alcohol (p.) 
Jsopropyl alcohol (s.) 
Butyl alcohol (p.) 
Jsobutyl alcohol (p.) 
Methylethyl carbinol (s.) 
Trimethyl carbinol (t.) 
/roamyl alcohol (p.) 
Active amyl alcohol (p.) 


ch 3 -oh 

C,Hs-OH 
jCjH, OH (2) 


1 


C*H,-OH (4) 


C s H„ OH (8) 


Bp. 

64-7' 

78-5 

970 

82° 

117° 

108° 

99° 

83° 

131° 

128’ 


Sp. «r. at 0” 
0-810 
0806 
0-817 
0-800 
0-824 
0-817 
0-827 
0-807 
0-824 
0-834 


* 

A—. The lower alcohols are £ 

above, bu, mo «^“ ‘m n y a l e of ane bein K chan C ed into ol, 
the parent paraffin, the term u only tho se alcohols 

as in methanol, ethanol, etc. which directly express 

derived from normal hydrocarbons ia\ because the parent 

the number of carbon aroma ,n -he mo ££*<» « J* $ P 

tZ IZ al hexane, namely, 1-, 2- and 3-n*—fc. 

CHjCHfCHaCHi-CHs-CHj-OH, 

CH,-CH,-CH t -CH,-CH(OH)-CH„ 

CHj-CHj- CH a - CH(OH) • CH a • CHj, 

-be position of rbe hydroxyl 

derived from isohexane, howevc , alcohol is prepared from 

Special Methods of ££ is obrained by -he 

f 'on p" n 

ZlmdLTlio" b°y famema,i„ a n processes, and from saw- 

dust, which is first converted into glucose commercially 

Many alcohols (including ethyl alcohol) arc prepare 

from cracked petroleum (p. 368). halogen compounds 

General Methods of Preparation. (1)1 he alkyl na. fc 

are heated with water, dilute aqueous alkalis, or moist, freshly p 

tated silver oxide, n ,, .i/r. 

CHjBr+KOH = CH,-OH+KBr. 

C 3 H 7 1+Ar-OH = C 9 Hj-OH+Ag . 

In -hese, as In nearly all cases, -he -didos reac. more easily -han 
the bromides and the latter more easily than 
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(2) The alkyl halogen compounds are heated with silver (or 
potassium) acetate, and the products are hydrolysed, 

C 2 H 5 I+C,H 3 0 2 Ag = C 2 H 5 • C 2 H 3 0 2 + Agl, 

c 2 h 5 c 2 h s o 2 +koh = c 2 h 5 oh+c 2 h 3 o 2 k. 

This method gives very good results, and is much used in the prep- 
aration of the higher alcohols, because the halogen derivatives of 
the higher paraffins (such as hexyl chloride, C 6 H, 3 C1), when treated 
directly with alkalis, are mainly converted into olefines, 

CH 3 • CH, • CH, • CH, • CH 2 • CH,C1 + KOH = 
CH 3 CH,CH 2 CH 2 CH:CH 2 +KC1+H,0, 

and the yield of alcohol is small. 

(3) The hydrocarbons of the olefine series are dissolved in (anhydro) 
sulphuric acid, and the solutions are boiled with water, an important 
commercial process, 

c 3 h 8 +h 3 so 4 = c 3 h 7 -hso 4 , 
c,h,-hso«+h 3 o = c 3 h 7 oh+h 9 so 4 . 

(4) Primary amines are decomposed with nitrous acid (p. 215). 

(5) Aldehydes and ketones are reduced with nascent hydrogen, 
molecular hydrogen and a catalyst, or by the Pondorff reagent (p. 156); 
aldehydes thus give primary, ketones secondary, alcohols (and 
pinacols, p. 155). 

(6) Aldehydes, ketones, and esters are treated with a Grignard 
reagent (p. 238), and the products are decomposed with a mineral 
acid ; in this way secondary alcohols are obtained from aldehydes 
(and esters of formic acid), tertiary alcohols from ketones and esters 
in general. 

Some higher alcohols may be obtained by the reduction of esters 
(p. 1%). 

Physical Properties. Most of the members up to C 12 H 20 O are 
liquids at ordinary temperatures ; all the higher alcohols, such as 
cetyl alcohol, C, 6 ll 33 -OH, which occurs in spermaceti in combination 
with palmitic acid, and melissyl alcohol, C 3 „I I 6l • OH, which is found 
in beeswax, also in combination with palmitic acid, are solids. Tri- 
methyl carbinol is also a solid. Methyl, ethyl, and the propyl alcohols 
are miscible with water, but as the series is ascended the solubility 
in water rapidly decreases ; the amyl alcohols, for example, are only 
sparingly soluble. The lower alcohols are miscible with other organic 
liquids. 

I he specific gravity increases and the boiling-point rises as the 
molecular weight increases ; but ns a primary alcohol boils at a higher 
temperature than the corresponding secondary alcohol, and the latter 
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at a higher temperature than the tertiary isomcride (as shown in the 
table p 121) the regular variation in this, and in other p wca 

properties! is obvious only when homologues of «M.r «*«»'« 
are compared. It may also be pointed out that as a rule , t e r 

the boiling-points of two consecutive normal pr.mary alcohols 

"o.s are associated in the liquid state and this accounts for 
their high boiling-points compared, for example, with those 

iS °A Comparison of the properties of an alcohol, with those of the 
~ film which it is derived, shows that the substitution of the 

5SSIS ESS 

in the alcohol, R OH, increases in molecular weight, the influence 

' h ^ dr 7 V^r with many 
o,h“our: mulh more readily than do the parens is tic 
to the presence of the hydroxyl group in their *>"■“““ ■ 

— 5 K suc d h 

They are partly converted into hatog n d footnote, 

when they are treated with PU 8 , ‘'-'a. v . ' - , . 

p. 108), but with the corresponding bromo-derivaive 
phosphorus and iodine, much larger proportions of the alkyl 

are formed, 2 P + 3 I,+ 6 C 2 H s OH - 6C,H 5 I +2H a PO,. 

Except methyl alcohol, they are converted into olefines by sulphuric 
acid, phosphoric acid, zinc chloride, etc., 

CHa-CHfOH = CH 1 :CH,+H,0. 

the case of secondary and tertiary ^*‘*£*£Sf* 

> U CH, “Z'lZ: -ctg-p: methylethyl carbine. , for example, 
gives 2- rather than 1 -butylene, 

CH, Cll(OH) CH, CH 3 -CH, CII:CH CH,+H* 
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The action of oxidising agents varies with the nature of the alcohol. 
Primary alcohols are converted into aldehydes, and then into fatty 
acids, secondary alcohols into ketones ; and in both cases the oxidation 
product contains the same number of carbon atoms in the molecule 
as the alcohol from which it is formed, 

ch 3 ch 2 ch 2 oh+o = CH 3 CH 2 CHO+H a O, 
CH 3 CH(0H)CH 3 +0 = ch 3 coch 3 +h 2 o. 

Tertiary alcohols undergo a more profound change and are decom- 
posed, giving a mixture of simpler acids, or of acid and ketone. The 
three classes of alcohols, therefore, can be distinguished by their 
different behaviour on oxidation ; also by their different behaviour 
in the presence of heated nickel (p. 118). 



CHAPTER 9 

THE ETHERS, THIO-ETHERS, AND MERC APT ANS 

The ethers, such as dimethyl ether, CH ■ 0 • CH me.hylethy-l ethcr 
CH O C He etc are substances of the type, R— O— K, ana tnty 

contain two identical, or different, alkyl g f ° u P s u " lted ”3" 
atom. They may be regarded as oxides of the hydroea bon rad c 

or as anhydrides of the alcohols and they form a homologous 

C n H 2n+ .0. , 

Methyl ether (dimethyl ether), CH. O CH,, may be ■ 
by the action of sulphuric acid on methyl alcohol , the react, on 

takes place in two stages, as described below. rpfri „ erant • 

I, is a gas which liquefies at -24" and ,s used as a refngerant , 

1 vol. of water dissolves 37 vol. of the ether at 18 . 

Ethyl ether, diethyl ether or, simply, ether C ; H.-0-C,H 5 . ,s 
formed when sodium ethoxide is warmed wtth ethyl , od.de (Wdham 

S ° n *’ C i H 6 -ONa+C 2 H 5 I = C,H s OC,H s +Nal. 

It is prepared by heating ethyl alcohol with sulphuric acid under 
suitable conditions. 

Concentrated sulphuric acd (100 c.c.) is “ f 

« The SmSif s- 

ether vapour cannot catch fire. As Alrnhol is 

liquid rises to about 140”, ether begins to pass over.- Alcohol » 

now added from the tap-funnel at about the san 140 ^ 45 -. 

which the ether distils, and the temperature » kept at 40 

the up-funnel should dip below the surface of the hqu*- ^ 

crude product in the receiver ,s a mixture , wi ,h 

water, and may also contain sulphur dioxide. It is shaken 

' The bulb of the thermometer is immersed in eathcr! 

is not usual). It is advisable to cool the rtc readily volatile 

Great care should be taken in working with ether and 

inflammable liquids. 125 
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dilute aqueous alkali in a scparating-funnel, the aqueous solution is 
run off, and the ether is then well agitated with anhydrous calcium 
chloride ; the decanted or filtered liquid is distilled from a water- 
bath. The ether still contains some water and alcohol, and may 



be left in contact with bright pieces of sodium (in a flask closed 
with a calcium chloride tube) until the evolution of hydrogen ceases. 
The ether is finally distilled from the sodium ethoxide and sodium 
hydroxide, which have been produced. 

The formation of ether from alcohol takes place in two stages. 
When alcohol is heated with sulphuric acid, it is converted into 
ethyl hydrogen sulphate (p. 194), 

C 2 H 5 0H+H 2 S0 4 = C,H 5 HS0,+H,0 ; 

this compound then reacts with alcohol, yielding ether and sulphuric 
acid, 

C 2 H 5 HS0 4 +II0C 2 H 5 = C 2 H 5 0C 2 H 5 +H 2 S0 4 . 

This explanation of the formation of ether was first given by 
Williamson, who proved that ether is formed when pure ethyl 
hydrogen sulphate is heated with alcohol. 

Now, since the sulphuric acid necessary for the conversion of 
the alcohol into ethyl hydrogen sulphate is regenerated when the 
latter is heated with alcohol, a given quantity of the acid might, 
theoretically, convert an unlimited quantity of alcohol into ether. 
As a matter of fact, a small quantity of sulphuric acid can transform 
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a very large quantity of alcohol into ether ; but the process has a 
limit, because the acid becomes diluted by the water formed in the 
first stage of the reaction, and part of it may be reduced bv the 
alcohol, with the formation of sulphur dioxide. Nevertheless as 
this method of preparing ether by the continuous addition of alcohol 
to a solution of alcohol in sulphuric acid is practicable within 
limits, it is termed the continuous process. 

In the presence of anhydrous aluminium sulphate the reactions 
take place rapidly at about 135°. If, instead of sulphuric ace, 
benzenesulphonic acid (p. 475) is used, the process is rea«> con- 
tinuous, as this acid is not reduced by the alcohol and the water 
which is produced is not retained by the acid, but distils with 

ether, 

C a H s ■ ■ S0 2 • OH +C 2 I VOH = C*H 5 ■ ■ SO, OC,H, 4 HA 

C,H 6 S0 2 0C 2 H 5 +C 2 H 5 0H = C 2 H s OC 2 H 5 +C c HA 2 

Ether may also be prepared by passing the vapour of ethyl alcoho 
through copper tubes containing precipitated alumina. ■ 1 

heated at about 260° ; the alumina acts cataly t.cally and the 
alcohol is converted into ether and water, but at higher I 
turcs ethylene is also formed. 

Ether is obtained as a by-product in the manufacture of alcohol 
from ethylene (p. 368). 

Ether is a mobile, neutral, pleasant-smelling liquid of Ap. gr. 
0-713 at 20°. It boils at 34-35°, and solidifies at about - 1~» • » 

very volatile, and highly inflammable, and as its vapour forms 
explosive mixture with air or oxygen, 

C,H,„0+60, = 4C0 2 +5H i 0, 

all experiments with ether should be conducted at least ten feet 
away from flames or hot objects. Ether is soluble m ah'™ 1 “ n 
volumes of water, and is miscible with alcohol and most othe 
organic liquids. When it contains water, it g ,%cS a llir 

mixed with its own volume of carbon disulphide. 

Compared with alcohol, ether is a very inactive substance. . 1 
is not acted on by sodium or potassium, by alka is or we.u • 
or by phosphorus pentachloridc in the cold. Concentra u 
however, decompose it, with the formation of esters (p. J> 

(C 2 H 6 ) 2 0+ 2I1 2 SOj = 2C 2 H 6 HSO, i +H 2 0, 
(C 2 H 6 ) 2 0+2HI = 2C 2 H 6 I+H 2 0. 
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Ether vapour, usually mixed with nitrous oxide and oxygen, is 
used in surgery as an anaesthetic ; it is an important laboratory 
reagent (p. 236) and is also employed as a solvent for fats, oils, 
alkaloids, etc., and for the extraction of substances from aqueous 
solutions or suspensions. 

Constitution of Ether. Since ether is produced by the action of 
ethyl iodide, C,H 5 I, on sodium ethoxide, C 2 H s -ONa, it may be 
concluded that it is formed by the substitution of the univalent 
C 2 H 6 — group for the sodium atom, and its constitution may be 
expressed by the formula, C 2 H 5 OC 2 H 5 . This view is confirmed 
by a study of the chemical properties of ether ; its molecule, unlike 
that of alcohol, does not contain a hydroxyl group, and therefore 
it is not acted on by sodium or potassium, or by phosphorus 
halides. 

Ether may be regarded not only as an anhydride of alcohol but 
also as a di-substitution product of water, the mono-substitution 
product being the corresponding alcohol. 

In the molecules of dimethyl and diethyl ethers the two hydro- 
carbon radicals united to the oxygen atom are identical ; such 
compounds are called simple ethers, to distinguish them from mixed 
ethers in which two different radicals are combined with the oxygen 
atom, as, for example, methylethyl ether, CH 3 OC 2 H 5 . 

Isomerism in the homologous series of ethers begins with the 
compounds C,II I0 O, of which there are three, one simple and two 
mixed ethers as shown below : 

ch 3 • CH 2 • o • ch 2 . ch 3 , ch 3 • 0 • ch 2 • ch 2 • ch 3 , 

Diethyl ether Mcthylpropyl ether 

CH 3 .O.CH(CH 3 ) 2 . 

Mcthyliiopropyl ether 

It will be realised from this example that isomerism is due to 

differences between the hydrocarbon radicals either in molecular 

f< imula or in structure. 1 hese three ethers are also isomeric with 
the four alcohols, C 4 H 10 O. 

Isomerism of the type exhibited by the ethers is sometimes called 
metamerism, this term being used to denote isomerism of molecules 
in which all the carbon atoms are not directly united. Metamerism 
is also exhibited, for example by sulphides, amines, esters, etc. 

The homologues of diethyl ether and, in fact, all ethers, closely 
resemble diethyl ether in their chemical behaviour. 



THE ETHERS, THIO-ETHERS AND MERCAPTANS 


129 


Mercaptans and Sulphides 

There are two classes of organic compounds derived from 
hydrogen sulphide-namely, the hydrosulphides and the sulphides 
and the relation between them is similar to that between the alcohols 
and the ethers respectively, 

Ethyl hydrosulphide C.H. SH Diethyl sulphide (C.H.hS 

Ethyl hydroxide C.H^OH Dtcthylox.de (Cdl.lA 

The organic hydrosulphides are usually called mercaptans (mer- 
curium captatis) on account of their property of reacting readily 
with mercuric oxide to form crystalline compounds ; they may be 
regarded as sulphur- or thio-akohoh, and the organic sulphides 

^Ethyl^mercaptan, C 2 H 5 SH, may be obtained by treating 
alcohol with phosphorus pentasulphule, 

5C 2 H 5 01I+P 2 S 5 = 5C 2 11 5 SH+PA '> 

it is prepared by distilling a concentrated solution of ethyl 
potassium sulphate with potassium hydrogen sulphide. 

c 2 h 6 .kso 4 +ksh = C 2 H s SH+K 2 SO„ 

or hv the interaction of ethyl iodide and potassium hydrogen 
Sulphide It is a liquid, having a most offensive smell, and bods 

2t 37 L low boiling-point, compared wath that PW of alcohol, 

state, jus. as hfuid 

hydrogen sulphide is less associated than water. 

The hydrogen atom of the US- group is displaceable by metals 
more readily than that of the 110- group of the alcohols , 

ethyl mercaptan reacts not only wit M ^ P with the 

sodium or potassium mercaptide, C.,1 1 ■ SlVl - - * . • j . 

evolution of hydrogen, but when shaken with mercunc oxide ,t yields 

mercuric mercaptide, 

2C 2 H 5 SH+HgO - (C t ll fc -S) s rtg+II,0 ; 

this crystalline compound is decomposed by hydrogen sulj 
giving ethyl mercaptan, 

(CffVSyigi 11 2 S = 2C.,ll 5 SH+HgS. 


Org. 6 
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Other mercaptans can be obtained by reactions similar to those 
given above ; they are characterised by having a highly unpleasant, 
garlic-like smell, and in chemical properties they resemble ethyl 
mercaptan. On oxidation with nitric acid they are converted into 
alkylsulphonic acids, 

C 2 H 5 -SH+30 = C 2 H 5 -S0 3 -0H. 

EUunesulphoru'c Acid 

which contain the group — SO. -OH, and an alkyl radical com- 
bined with the sulphur atom, as proved by the formation of the 
acids from the mercaptans ; they are stable acids, forming salts, 
such as potassium ethanesulphonate, C 2 H 5 -S0 2 0K, which may 
be prepared by boiling alkyl halides with alkali sulphites, 

C 2 H 6 I+K-S0 3 K =• C 2 H s -S0 3 K+KI. 

Diethyl sulphide, ethyl sulphide , (C 2 H 5 ) 2 S, may be obtained by 
heating ether with phosphorus pentasulphide, 

5(C,H 5 ) 2 0+P 2 S 6 = 5(C 2 H 6 ) 2 S+P 2 0 5 , 

and by distilling a concentrated aqueous solution of ethyl potassium 
sulphate with potassium sulphide, 

2C 2 H 6 -KS0 4 +K 2 S = (C 2 H 5 ) 2 S+2K 2 S0 4 . 

It is a neutral, unpleasant-smelling, inflammable liquid, and boils 
at 92 ; like the ethers, it does not contain hydrogen displaceable by 
metals, and is a comparatively inert substance. 

Other sulphides can be obtained by similar methods, and have 
similar properties ; on oxidation with nitric acid, they are first 
converted into sulphoxides, R.SO, and then into very stable crystal- 
line compounds termed sulphoncs, of which diethyl sulphone, 
(CjH 6 ) 2 SO t , m.p. 72°, is an example. 

Sulphonal, (CH 3 ) 2 C(S0 2 -C 2 H 8 ) 2 , is an important and interesting 
compound, largely used as a soporific. Although acetone and other 
ketones do not react readily with alcohols, giving acetals, as do 
aldehydes, they condense with mercaptans in the presence of 
hydrogen chloride ; acetone and ethyl mercaptan, for example, 
give acetone diethyl, nercaptolc (b.p. 75°, 12 mm.), 

(CH 3 ) 2 CO+2C 2 H s *SH = (CH 3 ) 2 C(S • C 2 H 5 ) 2 +H.O. 

When this mcrcaptole is oxidised with potassium permanganate, it 
unites directly with four atoms of oxygen, giving sulphonal, a 

C0 " l P^ nd at 126°. Analogous compounds, 

CMcEt(S0 2 C 2 H s ) a and CEt 2 (S0 2 .C 2 H 5 ) 2 , named trional and 

tfona respectively, are obtained from methylethyl ketone and 
diethyl ketone respectively. 


THE ETHERS, THIO-ETHERS, AND MERCAPTANS 131 


Sfi'-Dichlorodiethyl sulphide, (CH 2 C1CH 2 ) 2 S, a poison gas 
(known as mustard gas), may be prepared by passing ethylene into 

sulphur monochloride, 

$&§>*■ - cS^: c ch:> s+s - 

and then esterifying the product with hydrogen ch or.de. 

I, melts at 144“, boils at 217”. and is exceed, ngly tox.c and 

vesicant. 

SUMMARY AND EXTENSION 

Ethers have the general formula, R-O-R', where R and R' 
represent Identical or different hydrocarbon radicals, and the, r name 
show the alkyl groups which the.r molecules contain they and he 
sulphides, RSR\ form homologous senes. C„H 2n+2 0 and W 2 ,„. . 

respectively. 


Dimethyl ether 
Methylcthyl ether 
Diethyl ether 
Mcthylpropyl ether 
Methylnopropyl ether 

Dipropyl ether 1 
Di-nopropyl ether) 
Di-nobutyl ether 
Di-noamyl ether 


C*H 0 O 

c 3 h b o 

c 4 h 10 o 


C«H u O 

C.H„0 
C l0 U 22 O 


b.p. 

-24° 

11 ° 

35° 

39° 

32° 

90° 

69° 

123° 

173° 


Nomenclature. It will be seen that the name of an ether consists of 
those of the two hydrocarbon radicals together with 

General Methods of Formation. (1) The sodium derivatives 
alcohols are heated with the alkyl halides (Williamson), 

CH,-ONa+CH,I = CH,-0-CH,+NaI ; 
CH*-ONa+C»H 7 I - CH $ -0-C 3 H T +NaI. 

(2) The alkyl halides are heated with silver oxide, 

2C 3 H,I+Ag 2 0 - (C a H 7 )*0+2AgI. 

(3) The alcohols arc heated with sulphuric acid, or the.r vapours 
are passed under pressure over heated aluminium sulphate h 
methods are usually applicable only in the case of the l«mc pn V 
alcohols ; secondary alcohols generally, and tertiary alcohols always, 

^ W"T mixture of two alcohols is treated with s^acid, 
three ethers, two simple and one mixed, are ormc 
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methyl and ethyl alcohols, for example, yields dimethyl ether, diethyl 
ether, and methylethyl ether. The formation of the first Wo com- 
pounds will be understood from the equations given above in the case 
of diethyl ether. Methylethyl ether is produced by the interaction (a) 
of methyl hydrogen sulphate and ethyl alcohol, (6) of ethyl hydrogen 
sulphate and methyl alcohol, 

CH 3 -HS0 4 +C 2 H 5 -OH = CH 3 0-C 2 H 8 +H 2 S0 4 , 

c 2 h 5 hso 4 +ch 3 -oh = c 2 h 5 -och 3 +h 2 so 4 . 

Mixed ethers are best obtained by Williamson’s method (1) ; some 
arc manufactured by treating an alkyl hydrogen sulphate, dissolved 
in sulphuric acid, with an olefine. 

General Properties. With the exception of dimethyl ether, which is 
a gas, the ethers are volatile, non-associated, inflammable liquids, 
specifically lighter than water. In chemical properties they arc very 
inert and closely resemble diethyl ether. They are not acted on by 
alkalis or alkali metals, and do not react with dilute acids, but they 
are decomposed when heated with strong acids, yielding esters, 

(C 2 H s ) 2 0+2H 2 S0 4 = 2C.Hj*HS0 4 +H 2 0, 

CHj • O • C 2 H S +2H Br = CH 3 Br+C 8 H 8 Br+H a O. 

Chlorine and bromine act on ethers, forming substitution products, 
such as, 

CH,C1* OCH j, C a Il s OC 3 ll 4 Cl, C a H s OC 2 ll-.Cl a , etc. 


CHAPTER 10 

ALDEHYDES AND KETONES 


Aldehydes 

The aldehydes form a homologous series of the general formula, 
CnHon+t-CHO, or R CHO; they are derived from the primary 
alcohols, R CH 2 OH, by the elimination of two atoms of hydrogen 

from the — CH 2 OH group, 

Paraffins '.chol, 

h*ch 3 hch,oh hcho 

ch 3 -ch 3 ch 3 ch„oh c ° 

C 3 H s -CH 3 C 3 H 3 CH 3 OH (yVCHO 

The word aldehyde is a contraction of nfcohol */iy*ogenatum, 
a name originally given to acetaldehyde, because ,t is formed l when 
hydrogen is taken from alcohol (by oxidation) An aldehyde denv 
its name from that of the acid which it y.elds on ox.dat.on /orm- 
aldehyde giving formic acid ; or from that of the corresponding 
paraffin, by changing the termination ane into aUelyde< at 
Formaldehyde, methaldehyde, methanol, H-CHO, 
considered to be an intermediate product m that wonderfu p oces 
-the formation of starch and sugars from the carbon diox.de w h 
a plant absorbs from the air; there is, however, no conch, sne 
evidence that formaldehyde actually occurs in plants. 

Formaldehyde is produced in small quantities w n carbon 
dioxide is passed into water exposed to ultra-violet hg i , 
formed when calcium formate is heated, 

HCOO >Ca = H ' CHO+CaC ° 3 ‘ 

It is prepared by passing a mixture of air and the vapour of m Y 
alcohol through a tube containing a roll of copper or si ■ g- ■ ■ 
or platinised asbestos, heated at about 400’ ; 1 the alcohol is decom 
posed catalytically into formaldehyde and hydrogen, 

ch 3 oh = hcho+h 2 , 

and the latter combines with the atmospheric ox\gen. 

i Unless special precautions are taken, explosions may occur ^ 
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The pungent-smelling aqueous solution which collects in the 
receiver may contain, under favourable conditions, as much as 
30-40% of formaldehyde, together with methyl alcohol ; when the 
solution is evaporated, even at ordinary temperatures, it gives a 
solid, which is a complex mixture, produced from the (hydrated) 
aldehyde, and is known as paraformaldehyde (p. 135). 

1 he formation of formaldehyde may be readily demonstrated by 
heating a spiral of platinum wire to bright redness and quickly 
suspending it over methyl alcohol contained in a beaker ; the spiral 
continues to glow and irritating vapours of formaldehyde are rapidly 
evolved, a slight and harmless explosion often taking place. 

I’ormaldehyde is a gas at ordinary temperatures, but it may be 
condensed to a liquid, b.p. —21°. Even at this temperature it may 
slowly change into tnoxymethylene (p. 136), and at ordinary tempera- 
tures it does so with great rapidity, and with a considerable develop- 
ment of heat. Aqueous solutions of formaldehyde have a very 
penetrating, suffocating odour, and a neutral reaction ; they have 
also a strong reducing action, since formaldehyde readily undergoes 
oxidation, yielding formic acid, 

H-CHO+O = H-CO-OH. 

I hus an aqueous solution of formaldehyde reduces an ammoniac.il 
solution of silver oxide, and silver is precipitated, 

H-CIIO+AgjO = H CO OH+2Ag ; 

when the solution is only gently warmed the metal may be deposited 
on the walls of the containing vessel in the form of a mirror. 
Mercuric chloride and alkaline solutions of cupric hydroxide 
(Fehlings solution, p. 312) are also reduced, the former giving 
mercurous chloride and then mercury, the latter, cuprous oxide. 

When formaldehyde is treated with dilute caustic soda it is 
converted into methyl alcohol and sodium formate, 

2HCHO+NaOH = CH 3 -OH+H-COONa. 

Like acetaldehyde, formaldehyde reacts with a solution of sodium 
hydrogen sulphite (p. 139), with hydroxylamine (p. 149), and with 
phenylhvdrazinc (p. 150). 

Formaldehyde is a strong antiseptic, and is fatal to bacteria of 
various kinds ; an aqueous solution containing about 40% of 
formaldehyde and a little alcohol is sold under the name of formalin, 
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and is an important article of commerce. Formalin is used as a 
reducing agent and as an antiseptic and disinfectant ; also as a 
preservative for biological and anatomical specimens, which it 
hardens without increasing their opacity. Gelatin, a substance 
readily soluble in water, becomes insoluble when it is treated with 
formalin. Formaldehyde is also used in the preparation ot synthetic 
resins, such as Bakelite (p. 484), which is produced from formal- 
dehyde and phenol and is employed for a great many industrial 
purposes. Similar resins arc also formed from formaldehyde an 
urea (p. 263) or thiourea (p. 364). Formaldehyde is also used in 

the preparation of dyes and other synthetic products. 

Structure. Since carbon is quadrivalent, the constitution of 

formaldehyde must be expressed by the formula, 


H-C< 


H 

0 


It will be seen that the oxygen atom in the molecule of form ddch> 1 
is represented as being in a state of combination diflercnt on th 
in which it exists in the molecule of methyl alcohol. I-onnaMchyd , 
in fact, is not a saturated compound, and is tapa > c 
additive products under certain conditions ; »t mus ,L ‘ 
noted, however, that the atoms or groups with which ormal dch> dc 

unites directly are not, generally speaking, nose w » , ^ WJ 

readily with two unsaturated carbon atoms. A double bi , 
carbon and oxygen must be distinguished from a double bn i * ' 

two carbon atoms, although in both cases it may m ica c 

tion ; nevertheless, the term unsaturated ,s 

compounds in which both parts of the addendum comb.n 

carbon Atoms. . pMi i , 1C tKp 

The aldehyde group is written — CIIO, and not — ’ * ' 

latter would imply that the hydrogen is united to the oxygen 

Since formaldehyde is neutral to litmus, the P^nt^ of the 
aldehyde in formalin may be estimated by irs 
acid impurities with dilute sodium hydroxide solution and h 
adding a'n excess of standard ammonia, which convert theform^ 
dehyde into hexamethylenetetramine (p. ' Formaldehyde is 

ammonia is then titrated with standar acu . \ jj ' this 

readily oxidised by hydrogen peroxide, giving for.i ■ 
reaction may also be used for its estimation. 

Paraformaldehyde, obtained by evaporating an ,us 
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of formaldehyde, is crystalline (m.p. 140-160°) and soluble in warm 
water ; mixed with sucrose, it is sold as formamint or formalin. 

It is a complex mixture of compounds (a-polyoxymethylenes) 
which are derived from methylene glycol, HO-CH 2 -OH, and have 
the composition, HO • CH 2 • O • (CH 5 • 0)„ • CH a • OH where the value 
of n ranges from about 8 to 50. With concentrated sulphuric acid, 
formalin gives crystalline precipitates which are similar to, but more 
complex than, paraformaldehyde ; when these solids are heated at 
100° under reduced pressure, the distillate contains trioxymethylene ; 
when they are left in contact with phosphorus pentoxide, they give 
gaseous formaldehyde. 

Trioxymethylene, trioxan (CHgO).,, or C 3 H 6 0 3 , is formed by 
the polymerisation of gaseous or liquid formaldehyde in the presence 
of traces of water, acids, or alkalis ; it is crystalline, sublimes readily, 
melts at 67-68°, and is freely soluble in water. When strongly 
heated it is completely decomposed into pure, gaseous formaldehyde, 
CH 2 0, as is proved by vapour density determinations ; but as the 
gas cools, trioxymethylene is again produced if traces of water are 
present. When heated with a large quantity of water at about 140° 
it gives an aqueous solution resembling formalin. 

Tetraoxymethylene , (CH.O) 4l or C 4 H b 0 4 , is also a polymeride of 
formaldehyde, melting at 112° and readily soluble in water. It is 
obtained by heating the diacetates prepared from the polyoxy- 
mcthvlene derivatives contained in formalin. 

Polymerisation. It will have been seen that formaldehyde readily 
changes, giving new compounds, which can be reconverted into 
formaldehyde, CILO, by simple means. As the new compounds 
have the same percentage composition as the parent substance, their 
molecules might be regarded as having been produced by the 
aggregation of several molecules of the latter. Such views led to the 
introduction of the word polymerisation, 1 which means the change 
o some (simple) substance into another of the same percentage 
composition, but having a molecular weight equal to several 
multiples of that of the parent substance ; the more complex com- 
pounds, thus formed, were then termed polymers, polymerides, or 
polymeric modifications of the original substance, and they received 
names, as in the case of paraformaldehyde, which indicated their 
ongm or derivation. It is now recognised, however, that a poly- 

1 Gr. meros, part. 
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the parent substance , tha nrnduced by the chemical 

or collections of simpler mo ecu a new and 

union of two or more molecules of the ta«cr t reconvertcd 

distinct compound, which m many cases cannot 

into the original substance. ical change, resulting in 

Polymerisation, then, is men ely formula is a multiple 

the formation of a compound, oolvmcride is produced 

of that of the original substance because the pol ^ . mher 

by the direct union of two or more molecules of the 

examples of this change are gi\en ater P- ^ j readiness 

Formaldehyde gives several other ^ '"Tne ’f i"s more charac- 
with which it undergoes polymerisati tcd w ith lime- 

teristic properties. When its aqueous so ^ p 0 |y m crisation 

water or other weak alkali, forma e )<- v hich have the 

into for^se, a mixture of substances,^, of . 

composition, (CH 2 0) 6 , or C 0 H , s e.- f interest, since 

these reaetions are not reversil w ^ ° ** as thc sug ,, r s, 

they show that complex vegetable substance , 

may be formed by simple changes (p- •> ; frn,Y.N., j s rapidly 

Hexamethylenetetramine or hexamme, , ( rculily 

formed when ammonia is added to orma » f and 

soluble in water, and is used ,n ^d-cincmcascs ^ B^ ^ 
rheumatism. When strongly hcatc ^ ^ decomp0 sed by hot 

composed, giving basic vapours , which is recognised by 

dilute sulphuric acid, giving formaldehyde, which .^r 

its pungent smell, and ammonium su l na ’ and although 

when it is boiled with an aqueous so utio ’ structure is 

it is a mono-aeidic base, it is neutral to btmus. 

shown later (p. 159). derivative of formal- 

Methylal, CH,(OCH,),, is an unporta alcohol with 

dehyde. It may be obtained y oxi , hc f om valdchyde 

manganese dioxide and sulphuric a . of thc unchanged 

which is first produced combines formalin with 

methyl alcohol; it is usually 
methyl alcohol and a small quantity of sulphuric 


H-CHO+2HO-CH, = H-CHCqch’ +II *°' 

Methylal, a pleasant-smelling H . qU ^’ ^a'ioporilic 

readily soluble in water, is used in medicine 


and is 
When 
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distilled with dilute sulphuric acid, it gives an aqueous solution of 
methyl alcohol and formaldehyde, but it is not decomposed by 
boiling aqueous alkali. 

Acetaldehyde, ethaldehyde, ethanol, CH 3 -CHO, is formed in 
very small quantities by atmospheric oxidation when alcohol is 
slowly filtered through charcoal, or exposed to the air in the presence 
of platinum black, or heated platinum ; is» also formed when a 
mixture of calcium acetate and calcium formate (which may be 
regarded as a salt of the two acids) is submitted to dry distillation, 

]coo >Ca= CH 3 CHO+CaC °3- 

Acetaldehyde may be obtained in the laboratory by oxidising 
alcohol with potassium dichromate and sulphuric acid. 

Coarsely powdered potassium dichromate (30 g.) and water 
(120 c.c.) arc placed in a litre flask fitted with a tap-funnel and 
attached to a condenser, and the flask is gently heated on a water- 
bath ; a mixture of alcohol (35 c.c.) and concentrated sulphuric 
acid (22 c.c.) is then added drop by drop, and the flask is shaken 
almost continuously during the operation. A vigorous action sets 
in, and a liquid, which consists of aldehyde, alcohol, water, and 
small proportions of acetal (p. 142), collects in the receiver. This 
product is now fractionally distilled from a w'ater-bath, and the 
portion which passes over below 25° is collected and again fraction- 
ated, preferably with the aid of a column ; the liquid which passes 
over between 20 and 22° consists of acetaldehyde, and is sufficiently 
free from impurities for most purposes. 1 The receiver should be 
well cooled with ice in all these operations. 

Acetaldehyde is prepared on the large scale by passing alcohol 
vapour, mixed with air, over silver at a dull red heat; and also by 
passing acetylene into 20% sulphuric acid containing 1% of 
mercuric oxide and 5% of ferric sulphate, a little pyrolusite being 
added when the reactions begin to slow down. The acetaldehyde 
so obtained may be used for the manufacture of acetic acid (pp. 
164, 369). 

Acetaldehyde, or aldehyde, as it is often called, is a mobile, 
inflammable liquid of sp. gr. 0-785 at 16° ; it boils at 21°. It has a 
characteristic, penetrating, and suffocating odour, by means of 
which it is easily identified ; it is miscible with water, alcohol, and 

1 Pure acetaldehyde is best prepared from paraldehyde (p. 141), into 
which the crude acetaldehyde is easily converted. 
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ether. Aldehyde is slowly oxidised to 

the air, 1 and, like formaldchy e, it : ' as . jt a i so precipitates 

aSTSTS ^mirror)' from buttons of stiver 

° Xlde ’ CH 3 -CH0+Ag 2 0 = CH 3 COOH+2Ag. ^ 

When reduced with sodium amalgam f ” d a conceVit rated solution 
into alcohol. When aldehyde is s a *en '' . . .j te \ direct combin- 
of sodium hydrogen sulphite ( so 111 rH(OH)-S0 3 Na, quickly 
ation occurs, and a substance, decomposed by 

separates in crystals. This compound s cat > ^ 

acids, alkalis, and alkali carbonate a 

Aldehyde also combines directly with d y 70-80°), which 

ammonia , (C 2 H 7 ON) 3 , 2 a crystalline substance (m^ ' " ^ unitcs 

is decomposed by scids aldehyde bcmg r ^ hydrosyUm inc 
with hydrogen cyanide (p. 151), ana c 

(p. 149) and hydrazines (p. 150). • ion 0 n treatment 

Aldehyde very readily undergoe P u i$ very gently 

with acids and other substances (p- • j cnt act i on occurs, 

warmed with concentrated aqueous ^alkal • substances, 

and the aldehyde is convened ^" cris , ic sm cll, and called 
of unknown structure, having 

aldehyde resin. odour ; its reducing 

Aldehyde is easily detected by its disti ^ bc used as 

action on silver oxide and hcMa ' 1 " 11 '. -, c lbcsc reactions. The 

confirmatory tests bu J ‘reaction) may also be employed, 

magenta or rosaml.ne test ( W solut i„n of rosanil i„e 

Sulphurous acid is added to a VCI J disc harRed. 
hydrochloride until the pink colour i j actfta ldehydc, a violet 

When this reagent (1-2 c.c.) « ^"^viour, also, is no. 
or pink colour very soon appears. exceptions, all 

characteristic of acetaldehyde. 
aldehydes and some ketones gi\c t is 

Acetaldehyde is used in the commercia. . 369) . 

acetic acid and its derivatives, and various o 

•i ril. COJl. “ vcry 

1 The first oxidation product is 
explosive substance which jJJgiVCHO - 2C H .,-COOH. 

These reactions are catalysed by In,in ^ in - J-'u doubtful. 

* The structure of aldehyde ammonia is 
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Constitution. Aldehyde is formed by the oxidation of ethyl 
alcohol, just as formaldehyde is produced by the oxidation of methyl 
alcohol, and the final result in both cases is that two atoms of 
hydrogen are removed from the molecule of the primary alcohol. 
Now, it is known that, in the formation of formaldehyde, this change 
involves a hydroxyl group and a hydrogen atom, which are united 
to one and the same carbon atom, 

H> C <OH +0 = H >C=0+H ‘ a 


If, then, acetaldehyde is produced from ethyl alcohol in a similar 
manner, 


H 


ch 3 .ch 2 oh+o = ch 3 c^ o +h 2 o, 


— the constitution of acetaldehyde would be expressed by the 
formula (i), and not by either of the formulae (n) or (ill), which 
from valency requirements are the only other theoretically possible 
structures, 


CH 3 -c{ 


H 

0 



CH,=CH— OH 
•• 


i 


ii 


hi 


Judging from analogy, then, the constitution of aldehyde is 
expressed by the formula (i) ; this view accords with the whole 
chemical behaviour of the compound and in particular is fully 
confirmed by the relationship of aldehyde to chloral (p. 143). 
Aldehyde, unlike alcohol, does not contain a hydrogen atom dis- 
placeable by sodium or potassium, and does not form esters with 
acids ; these facts arc expressed by the above formula, which shows 
that aldehyde does not contain the HO — group. When aldehyde 
is treated with phosphorus pentachloride, one atom of oxygen is 
displaced bv two atoms of chlorine (giving ethylidenc dichloride ), a 
change which is very ditlcrcnt from that which occurs in the case 
ol alcohol, and which affords further evidence that aldehyde is not 
a hydroxy-compound, 

CH3 CHO l- PC1 5 - CH 3 CHCI, f-POCl 3 , 
CH 3 CH 2 0H+PC1 5 = CH 3 .CH.,d-rPOCl 3 +IICl. 

T he fact that aldehyde has the property of combining directly with 
two univalent atoms or groups is also indicated by the above con- 
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saturated compound, and unites y 

ammonia, sodium hydroge. “ ^ both f orma ldehyde and 

It must be concluded, „, e univa lent group, 

acetaldehyde contain in their 

_C< H (written -CHO, no. -COM) ; it is to the presence of 
this ^ that the rZ ntU X 

u ** — > * ^ 

hydes possess a group of tins structure. we|1 . define d poly- 

Polymerisation of Acetaldehyde. 1 hr« , 

meridcs of aldehyde are known-namcly, Mol, parody 

metahlehyde. _ Tl ~ . u v the action of 

Aldol! CH,.CH(OH).CH.-a.O. ts P ^ ad ' „ 
dilute hydrochloric acid, or potassium carbonate, 
ordinary temperatures, rl in 

CH,.CHO + H.CH,CHO=CH,CH(OH).CH,CHO. 

3 • ftm called aldol condensations , but 

This, and similar reactions, are often call . | cs would 

as they do not involve the loss of water or is an 

be better designated aldol polymerua 10 P thc pro p C rtics 

inodorous liquid, miscible with water, ! m ay be distilled 

of a secondary alcohol and those ofan^. 
unchanged under greatly reduce P ^ dehy d ra ting agents, 

under ordinary pressure, or when hea ' 

it is converted into crotonaldehyde (p. run 1 H O 

CH .CH(OH).CH,-CHO-CH,-ar:CH.CHO+H/). 

3 ' ' n u n is readily produced by 

Paraldehyde, (C*H 4 0 ) 3 , or 6 it *» ^ tQ acet aldchyde at 

adding a drop of concentrated su \ . ta ^i nK place. It 

ordinary temperatures, an almost exp os^ ^ ^ used in medicine 

is a pleasant-smelling liquid, boil ’ • t r and its cold 

as a soporific. It is only moderately soluble m water , ^ 

saturated solution becomes turbid w ren w j ien distilled with 

pound is less soluble in hot than m co '' d lc j ,j c j s converted 
a few drops of concentrated sulphuric au of aceta |dehyde 

into aldehyde, which passes over. lh ,. rc fore a reversible rc- 

into paraldehyde by sulphuric aci . mixture is removed 

action ; as the acetaldehyde in the equilibrium 
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by distillation, the paraldehyde is gradually and completely con- 
verted into the more volatile compound. 

The structure of paraldehyde (trimethyltrioxy methylene), showing 
its close relationship to trioxymethylene, is given on p. 158. 

Metaldehyde, (C 2 H 4 0) 4 , or C 8 H, 6 0 4 , is produced, mixed with 
paraldehyde, which is the main product, by the action of acids on 
aldehyde at low temperatures. It crystallises in needles, and is in- 
soluble in water ; it can be sublimed unchanged, but it is converted 
into acetaldehyde when it is heated for a long time, or distilled with 
dilute sulphuric acid. 

Paraldehyde and metaldehyde show none of the ordinary pro- 
perties of aldehydes, and do not contain the aldehyde or — CHO 
group ; in other words, they are not aldehydes (pp. 141, 158). 

Acetal, acetaldehyde diethylacetal, CH 3 CH(OC 2 H s ) a , is pro- 
duced when a mixture of aldehyde and alcohol is heated at 100°, or 
when alcohol is oxidised with manganese dioxide and sulphuric acid 
(compare methylal, p. 137), 

CH 3 CHO+2C 3 H 5 OH = CII 3 -CH(0C 2 H 5 ) 2 +H 2 0. 

It is a pleasant-smelling liquid, and boils at 103° ; when distilled 
with dilute acids it is decomposed into alcohol and aldehyde, 

CH 3 • CH(OC s H s )j +H,0 ~ CH 3 • CHO +2C 2 H 5 • OH. 

The term, acetal, is now used as a class name for all compounds of 
the type, — CH(OR) 2 . 

Chloral, tnchloroacetaldehyde , CCl 3 -CHO, was discovered by 
I-iebig during an investigation of the action of chlorine on alcohol. 
Although it can be obtained by the direct action of chlorine on 

it is prepared on the large scale from alcohol. 

Alcohol is saturated with chlorine, first at ordinary temperatures, 
and finally at about 90°, an operation which occupies some days. 
The product, which consists for the greater part of chloral alcoholate, 
CC1 3 - Cl 1(01 1) • OCJlj, is distilled with concentrated sulphuric 
acid, and the oily distillate of crude chloral, freed from hydrogen 
chloride with the aid of chalk, is converted into chloral hydrate (see 
below). After the hydrate has been purified by recrystallisation from 
water, it is distilled with sulphuric acid, when pure chloral passes over. 

The formation of chloral alcoholate, from chlorine and alcohol, 

myolves a senes of reactions, in which the chlorine acts both as an 

oxidising and as a chlorinating agent ; many other compounds are 
also r 
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Chloral is an oily liquid of sp. gr. 1-506 a. 20°, and bods at 98 
It has a penetrating and irritating smell, and in chemical properties 
closely resembles acetaldehyde, a fact which was only to be ^expe , 

since it is a simple substitution product of aldehyde, and con am 
the characteristic aldehyde group. 1 . reduces an — ^ 
solution of silver oxide (giving a mirror), combines dire I) , ' h 
sodium hydrogen sulphite, and on oxidation it is converted n o 
trichloroacetic acid (p. 179), jus. as aldehyde is converted into 

’“chlorafis quickly decomposed by boiling aqueous alkalis, giving 
chloroform and a formate, 

CCI 3 CIIO+KOH = CHCI 3 +HCOOK. 

Pure chloroform is often prepared in this way and _ this rcacuon 
may also be used for the identification of chloral (and h ^ 

This decomposition of chloral by alkalis is an txa. c ' J 
how the ‘ strength ’ of a bond between two given aU,ns var^w.th 

the composition and structure of the compoun \ • • ^ 

carbon aims in acetaldehyde and in the great ^'th^cto 
are not separated by alkalis. It also pro\«.s 
atoms are united with one and the same carbon atom and 

establishes the structures of chloral and of acetaldchu c. 

In the presence of small quantities of acids, 
goes polymerisation, and is transformed into an amo.| 

pound called melachloral. 

Chloral hydrate, CC1 3 CH(0H) 2 , is produced, with a de- 
ment of heat, when chloral is treated wit 1 one mo ci . ^ ^ lfac . 

of water. It crystallises readily, melts at about 5 » ‘ d on 

teristic odour, and is readily soluble in water ; it is dec 1 ^ 
distillation with sulphuric acid, and chloral passes o e_ 

all the reactions given for chloral (whic 1 ,n which points 
as chloral hydrate), but it does not polyme » . aldehyde 

,0 the conclusion (ha. chloral hydmudi.s^con, am jho^chyil 

group, but has the constitution CC1 3 C ( h ^ c;ir l„, n 
pounds containing two hydroxyl gioups uni e 

atom are known ; as a rule, such compounds arc *9 » n ul l- ^ 
readily lose the elements of water, the group, 

>C(011) 2 , giving -Clio or >CO and wale. ; ^ 

Chloral hydrate is extensively used medicine 
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Bromal, CBr 3 CHO (b.p. 174°), and its hydrate, CBr 3 -CH(OH) 2 
(m.p. 53°), which are prepared from alcohol in a similar manner, 
closely resemble the corresponding chlorine derivatives. When 
bromal is reduced with aluminium ethoxide and ethyl alcohol 
(p. 156), it gives tribromoethyl alcohol, CBr 3 -CH 2 -OH, which is 
used in solution as a hypnotic ( Avertin ). Trichloroethyl alcohol 
(m.p. 19°) may be prepared from chloral in a similar manner. 

Butyl chloral, CH 3 CHClCCl a -CHO, is formed when chlorine 
is passed into acetaldehyde, first in the cold and then at 100° ; it 
boils at 164-165°, and combines readily with water, forming butyl 
chloral hydrate, CH 3 CHC1CC1 2 CH(0H) 2 , a crystalline sub- 
stance melting at 78°, which is used in medicine. 

The formation of butyl chloral may be explained by assuming 
that chloroacctaldchydc, produced by substitution, reacts with 
unchanged aldehyde, giving chlorocrotonaldehyde (compare aldol, 
P- 141), 

CH 3 CH0+CH 2 C1CH0 = CH 3 CH:CC1-CH0+H 2 0, 
which then unites directly with chlorine. 

Homologues of Acetaldehyde. The higher members of the 
homologous series of aldehydes, such as propiotialdehyde ( propanol ), 
C 2 H 5 CHO, and butyraldehyde [but anal), C 3 H 7 -CHO, resemble 
acetaldehyde in chemical properties. 

Heptaldehyde, lieptanal, or oenanthal, C*H 13 -CHO, is one of 
the products of the destructive distillation of castor oil. It is an oil, 
boils at 155°, and has a penetrating, disagreeable odour ; on oxida- 
tion it yields normal hcptylic acid, C,H, 3 -COOH (p. 173), and on 
reduction, normal heptyl alcohol, C 6 H 13 CH 2 OH. 

Ketones 

The ketones, of which the simplest, acetone, CH 3 -CO-CH 3 , 
n as an example, are derived from the secondary alcohols, 
such as Kopropyl alcohol, CH 3 CH(OH) CH 3 , by the loss of two 
atoms of hydrogen from the > Cl 1(01 1) group; this change is 
analogous to that which occurs in the formation of aldehydes from 
primary alcohols. Ketones are substances of the type, R — CO — R , t 
and their molecules contain the bivalent group, >C=0, united 
with two identical or different alkyl radicals, as in C 2 H 5 -CO-C 2 H 6 
and CII 3 CO-C,Il 6 , etc. Their compositions may be expressed by 
the general formula, C„H 2n O, and all ketones are isomeric with 
those aldehydes which contain the same number of carbon atoms, 
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since both are derived from the paraffins by the substitution of one 
atom of oxygen for two atoms of hydrogen. 

Propionaldehyde CH 3 CH 2 CHO I .. ^ 

Dimethyl ketone CH 3 CO CH 3 * 

Butyraldehyde CH 3 CH 2 CII 2 -CHO I q 

Methylethyl ketone CH 3 -CH 2 -CO-CII 3 ) 

Acetone, propanone, or dimethyl ketone , CH 3 -CO-CII 3 , occurs. m 
small quantities in normal urine, and in cases of diabetes mclhtus znd 
acetonuria the quantity increases considerably. It also occurs 

small quantities in the blood. , 

Acetone is formed, with many other substances du g 

destructive distillation of wood, sugar, gum, etc., and is o . 
when nopropyl alcohol is oxidised with potassium dichromate ami 

sulphuric acid, 

CH 3 • CH(OH) • CH 3 + O = CH 3 C0CH 3 +H 2 0. 

It may be easily prepared in the laboratory by heating calcium (or 
bar!um) y acetate (10g.) in a hard glass tube, fitted with a cork and 

a downward delivery tube, 1 

CH 3 CO O-Ca-OOC CH 3 = CH 3 • CO • CH 3 -t CaC0 3 . 

The distillate is shaken with a saturated solution of *, 
hydrogen sulphite and the crystalline acetone sod.u n bisulphite, 
which is formed after a short time is separated on ' ™ ; 

and decomposed by distillation with a saturated solu . on of sc d 

carbonate ; the readily volatile product may then be ireed from 
water with the aid of calcium chloride. 

Acetone is manufactured by the oxidation of isopropyl alcohol with 
air in the presence of copper (p.368), by passing a mixture of acetylene 
and steam over a heated mixture of ferric hydroxide and ante oxldc, 

2C 2 H 2 +3H 2 0 = CH 3 • CO • CH 3 + 2H 2 + C0 2 , 

and, together with butyl alcohol, by the fermentation of starch 
(p. 119). It has also been made by passing a mixture o steam a u 
ethyl alcohol vapour over a catalyst of iron and calcium acetate, 

2C 2 H 6 0H+H 2 0 = CH 3 C0CI1 3 +C0 2 +4II 2 , 

and by passing acetic acid vapour over heated lime or magnesia. 

‘ The tube should be tapped gently to ensure a clear channel for the 
escape of the gaseous product. 
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Acetone is a mobile liquid of sp. gr. 0-792 at 20° ; it boils at 56-5°, 
has a peculiar and highly characteristic odour, by which it can be 
identified, and is miscible with water, alcohol, and ether. 

In chemical properties acetone resembles acetaldehyde in several 
important particulars. When it is shaken with a concentrated 
aqueous solution of sodium hydrogen sulphite a considerable 
development of heat takes place, and acetone sodium bisulphite, 
(CH 3 ),C(0H)-S0 3 Na, an additive product, separates in crystals. 
This compound is readily soluble in water, and is quickly decom- 
posed by dilute acids and alkalis, giving acetone. 

When acetone is treated with phosphorus pentachloride, the 
oxygen atom in its molecule is displaced by two atoms of chlorine, 
and a dichloropropane is formed, 

(CH 3 ) 2 C0+PC1 5 = (CH 3 ) 2 CC1,+P0C1 3 ; 
on reduction, it is partially converted into isopropyl alcohol (p. 
155). 

Acetone, like acetaldehyde, reacts with hydroxylamine in aqueous 
solution, and forms acetoxime, 

(CH 3 ).,C:0+H 2 N • OH = (CH 3 ) 2 C:N-0H+H 2 0, 

a crystalline substance, melting at 59° ; also with phenylhydrazinc, 
giving a phenylhydrazone, (CH 3 ) 2 C:N-NH-C 8 H 5 (m.p. 42'). 

On the other hand, acetone differs from acetaldehyde in several 
very important respects. Thus, it does not readily undergo poly- 
merisation, and does not reduce ammoniacal solutions of silver 
oxide ; it is oxidised, however, by certain reagents and its molecule 
is broken up, with the formation of acetic acid and carbon dioxide, 

ch 3 -coch 3 +40 = ch 3 cooh+co,+h 2 o. 

Acetone gives the iodoform reaction, and is employed for the 
preparation of iodoform, chloroform, sulphonal, and other medicinal 
products, and for making plastics (p. 343); it is also a very 
important solvent. 

Constitution. Acetone is formed when two atoms of hydrogen 
are removed from a molecule of Aopropyl alcohol by oxidation. If, 
therefore, this process involves reactions analogous to those which 
••ecur in the oxidation of ethyl alcohol and methyl alcohol it may 
be represented as follows : 

ch:> c <oh+ o -ch;> c = o +»a 
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This view of its constitution accords well with the whole chemical 
behaviour of acetone. That its molecule does not contain a h\ droxy I 
group is shown by the fact that acetone, unlike the alcohols, is not 
attacked by acetyl chloride (p. 174), and also by the fact that its 
behaviour with phosphorus pentachloride is similar to that of alde- 
hyde, but quite different from that of alcohol. 1 hese and main 
other considerations show that acetone has the constitution shown 
above ; its characteristic properties arc determined by the presence 
of the bivalent carbonyl or ketonic group, >C=0, which is con- 
tained in the molecules of all ketones. 

The similarity in chemical behaviour between acetone and 
aldehyde is expressed by their structural formulae ; both molecules 
contain the carbonyl group, 

Acetone, £[j 3 >C=0 Acetaldehyde, C JI > C=0 » 

and therefore those changes, in which only this group takes part, 
are common to both substances. Thus, they behave in a similar 
manner towards phosphorus pentachloride, and they both combine 
directly with hydrogen, hydrogen cyanide (p. 151), and sodium 
hydrogen sulphite ; in the last three, and in many other reactions, 
acetone, like aldehyde, behaves as an unsaturated compound. I he 
difference between the two compounds as regards oxidation is also 
explained by the above formulae ; acetone does not contain the 
readily oxidisable hydrogen atom of the aldehyde group, and, t rk 
fore, it is less readily acted on than aldehyde, and does not reduce 
silver oxide. Both of these compounds, however, give the iodoform 


reaction. , . 

Acetone and many other ketones give Schiffs reaction, >ut 1 K 
colour usually appears more slowly than with aldchyces. ie 
surest method of distinguishing between an aldehyde and a ketone 
is to study the oxidation products of the compound (p. 1?7). 

Condensation of Acetone. When acetone is treated with certain 
dehydrating agents, it undergoes changes in which two or more 
molecules combine together with the elimination of one or more 
molecules of water, 

(CH 3 ) 2 C04-H 2 CH C0 CH 3 = (CH a ) 2 C:ClI-C0 ClI 3 i HA 

Moitvl oxide 


(CH 3 ) a C:CH • CO • CHH 2 4- OC(CH 3 ) 2 = 

(C.\ U.,C:CH C0 CH:C(CH 3 ) 2 +H 2 0. 


Phoronc 
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These and similar changes, in which two or more molecules of 
the same or of different substances combine, with the formation of 
water, are termed condensations, and the substances which are 
formed, condensation products ; the term ‘ condensation, how- 
ever, is applied to various types of reactions (p. 141). 1 

The production of mesityl oxide probably takes place in two 
stages, the first of which is a process of polymerisation, like that 
which occurs in the formation of aldol from acetaldehyde, 

2CH3 COCH 3 = (CH 3 )X(° H ) CH 2 COCH 3- 

In the second stage the polymeride loses the elements of water , just 
as aldol gives crotonaldehyde ; the condensation of mesityl oxide 
and acetone to phorone may be explained in a similar manner. 

The above-named condensation products are formed when 
acetone is saturated with dry hydrogen chloride, and the solution is 
kept for some time ; but when acetone is treated with sulphuric acid 
(about 80%), it yields a condensation product, mesitylene (p. 418), 
a derivative of benzene, 

3(CH 3 ).,CO = C 9 H 12 +3H 2 0. 

Mesityl oxide, C a lI 10 O, is best prepared by distilling diacetone 
alcohol (below) with a trace of iodine ; it boils at 1 30’, has a strong 
peppermint-like smell, and when boiled with dilute sulphuric acid 
it is decomposed, with the regeneration of acetone. 

Phorone, C 9 H u O, crystallises in pale-yellow prisms, melting at 
28° ; it boils at 198°, has a pleasant aromatic odour, and is decom- 
posed by boiling dilute sulphuric acid, with the formation of acetone. 

When a saturated solution of ammonia in acetone is kept during 
some weeks a considerable proportion of the ketone is converted 
into diacetonamine, CH 3 -C0-CI1 2 - C(CH 3 ) 2 -NII 2 , an additive pro- 
duct of mesityl oxide and ammonia. 

Diacetonc alcohol, (CH 3 ) 2 C(OH)'CH 2 -CO-CH 3 , is prepared by 
treating acetone with barium hydroxide, 

(CH 3 ) s CO+H-CH 2 COCH 3 = (CH 3 ) 2 C(OH)CH*-COCH 3 . 

It boils at 164°, is miscible with water, and is used as a solvent, 
especially for cellulose nitrates ; it is a polymeride of acetone just 
as aldol is of acetaldehyde and is formed by a similar reaction. 

Homologues of Acetone may be obtained by the oxidation 
of the corresponding secondary alcohols and by the destructive 

* Reactions in which combination occurs with the separation of alcohol, 
for example, are also spoken of as condensations. 


ALDEHYDES AND KETONES 


149 


distillation of the calcium salts of the higher fatty acids, but are not 
of much importance ; they resemble acetone very closely in chemical 
properties. 

Oximes (or hydroximes). Aldehydes and ketones usually react 
readily with hydroxylamine and give compounds which arc called 
oximes ; those formed from aldehydes are called aldoximes, and 
those obtained from ketones, ketoximes. Acetaldehyde, for example, 
yields acetaldoxime, 

CH 3 • Cl 1 :0+ HoN • OH = CIi 3 CH:N 011 1 ILO, 
and acetone gives acctoximc ( dimethyl he I oxime), 

(CH 3 ).,C:0+H,N 0H = (C1I 3 )X:N 0H 1 11,0. 

The oximes are usually prepared by adding to (an alcoholic 
solution of) the aldehyde or ketone (2 mol.) a very concentrated 
aqueous solution of hydroxylamine hydrochloride, NIK O , 

(2 mol.), and then a concentrated solution of sodium carbonate 
(1 mol.), which decomposes the hydrochloride and sets free the 
base (and generally gives a precipitate of sodium chloride). 1 c 
mixture is kept at the ordinary temperature, or heated gent y, 
during some hours, and most of the alcohol is then e\aporate on 
the water-bath. At this stage, or on the addition of water, the 
oxime is usually deposited in crystals ; if not, it is cxtracte t 

ether. . , 

The formation of the oxime is often facilitated by making the 

solution strongly alkaline with alcoholic potash ; in such cases, 
after the alcohol has been evaporated, it is sometimes necessary to 
add an excess of dilute acid in order to liberate the oxime from its 
potassium derivative. 

The lower aldoximes are mostly odourless, volatile compounds, 
which distil without decomposition under greatly reduced pressure, 
and are very soluble in water ; the higher members are only spar- 
ingly soluble in water. The ketoximes have similar properties. 
Many oximes are decomposed when they are heated with mot ^* ra ^ > 
concentrated hydrochloric acid, with the formation of h)droxj amine 
hydrochloride, and regeneration of the aldehyde or ketone, 

CH 3 -CH:N OH i HC1+H.O - CII 3 CI10 l NH . OII.HCl. 

They are often converted into compounds readily soluble in '' a,er » 
such as CH 3 CH:N ONa and (Cl I 3 ),C:N OK, by caustic alkahs ; 
but they are not otherwise changed even by boiling alkalis. ximcs 
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are easily reduced to primary amines (p. 220) ; those which are 
crystalline may serve for the identification of ketones and aldehydes 
which are liquid at ordinary temperatures. 

Many oximes unite directly with hydrogen chloride (1 mol.) to 
form unstable hydrochlorides , which are decomposed by water. 

The hydrogen atom of the =N'OH, or oximino-group may be 
displaced by an alkyl or acid radical. These derivatives are pro- 
duced by the action of alkyl halides and acid chlorides respectively 
on the sodium derivatives of the oximes. Many oximes exhibit a 
type of isomerism, the nature of which is discussed later (Part III). 

One important difference between aldoximes and ketoximes is, 
that the former are decomposed by acetyl chloride, yielding cyanides 
or nitriles (p. 360), 

CH 3 -CH:N*OH = CHj-CN+HjO, 
whereas the latter are either converted into acetyl derivatives, 

(CH 3 ) 2 C:N • OH +CH 3 - COC1 = (CH 3 ).C:NO-CO-CH 3 +HCl, 

or else undergo an isomeric change (p. 263) and give alkyl substituted 
amides ( Beckmann reaction, Part III), 

(CH 3 ) 2 C:N-OH = CH 3 -CO-NH-CH 3 . 

Acctoximc Mcthylacctamide 

Phenylhydrazones. Aldehydes and ketones react readily, as a 
rule, with phenylhydrazine (p. 459), and give compounds which are 
called phenylhydrazones ; these substances were discovered by 
E. Fischer, and they are formed according to the equation, 

>CO+H 2 N-NH-C 6 H 5 = >C:N-NH-C 6 H 5 +H 2 0. 

Acetaldehyde plienylhydrazone, CH-,- CH:N -NH • C 6 II 5 , and acetone 
phenylhydrazone , (CH 3 ).,C:N*NH-C 6 H 6 , for example, are the two 
products obtained from acetaldehyde and acetone respectively. 
The phenyihydrazones, like the oximes, may be decomposed by hot 
concentrated hydrochloric acid, with the regeneration of the alde- 
hyde or ketone, and they may be reduced to primary amities (p. 220). 

Phenylhydrazine is a very important reagent, as it serves for the 
detection of aldehydes and ketones ; also for their isolation and 
identification (p. 460). 

Hydrazine, NH 2 -NH S , also reacts with aldehydes and ketones, 
and azines are produced, 

>CO+H 2 N NH a +OC< - >C:N-N:C<+2H,0. 
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In the preparation of azines the aldehyde or ketone is treated with 
hydrazine sulphate and sodium carbonate (or sodium acetate) in 
aqueous alcoholic solution. 

Semicarbazones are formed by the interaction of an aldehyde, or 
ketone, and semicarbazide (p. 266), 

> CO +NH. • NH • CO • NH» = >C:N-NH-C0-NI1,+H ! 0. 

Acetone semicarbasone , for example, separates in cryst als (m .p .191”) 
when a dilute aqueous solution of acetone is treated with semi- 
carbazide hydrochloride and sodium acetate. As the M.nmar > 
azones are usually crystalline, sparingly soluble compounds ot ug 
melting-point, semicarbazide is a very important reagent ior the 
detection and identification of aldehydes and ketones. 

Cyanohydrins. Aldehydes and ketones unite directly with 
hydrogen cyanide, forming cyanohydrins, >C(Oll)- ( i\c roxy 
cyanides), a most important reaction, which is very oltcn use m 
synthesising hydroxy-acids (compare pp. 270, 282, /) , c > an 1 

hydrins are usually prepared by treating the bisulphite compound 
of an aldehyde (p. 139) or ketone (p. 146) with an aqueous solution 

of potassium cyanide (p. 537). 


SUMMARY AND EXTENSION 

The Aldehydes form a homologous series of the general formula, 
C„H 2n O, or R-CHO, and arc derived from the pnmary J-^ho > V 
the removal of two atoms of hydrogen from the -Uh ^ P- 
The more important members of the series are . 


Formaldehyde, mcthanal 
Acetaldehyde, cthanal 
Propionaldehyde, propanal 
Butyraldehyde, w-butanal 
/jobutyraldchydc, tsobutanal 

Valeraldehyde, w-pentanal 
/rovalcraldehyde, wopcntanal 

Caproaldehydc, 7J-hexanal 
Heptaldchyde, it-hcptanal 


Cl I O 

c 2 ii,o 

C.llcO 

)C 4 II„0 


) 


CJl.oO 


c,ii. a o 

CMI..0 


Up. 

- 21 ° 

+ 20 - 8 ’ 
49 ° 
75 ° 
63 “ 

103 " 

92’ 

128 ’ 

155 ° 


Sp. gr. at 0 ° 

0-801 
0 832 
0-911 
0-862 

0-818 ( 11 °) 
0 821 

OS 50 

0-823 (15°) 


The Ketones form a homologous scries of the gt ru ral for •» 
C»Hj m O, or R-CO-R', and are derived from the p. 
by the loss of two atoms of hydrogen trom the > . ■ .. 

When the alkyl radicals R and R' are identical the substanc 
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simple ketone , but when R and R' are different it is a mixed ketone 
(compare ethers, p. 128). The more important ketones are : 


Acetone, dimethyl ketone 
Methyl ethyl ketone 
Propiononc, diethyl ketone 
Butyrone, dipropyl ketone 
/jobutyrone, di-isopropyl ketone 

Oennnthone, dihexyl ketone 

Palm it one 

Stearone 


(CH 3 ),CO 

CH 3 (C : IU)CO 

(C 2 H 5 ) 2 CO 

(C,H,),CO 


(CeH I3 ),CO 

(C 1S 11 3I ) 2 C0 

(C i; H 3S ),CO 


B.p. 

Sp. gr. at O' 

56-5° 

0-818 

80° 

0-830 

103’ 

0-833 

144° 

0-831 

124° 

0-823 

M.p. 


33° 


83° 


88° 



Ketones and aldehydes which contain the same number of carbon 
atoms are isomeric, and the number of isomeric aldehydes of a given 
molecular formula is greater than that of the isomeric ketones. Thus, 
whereas there arc four aldehydes of the molecular formula, C 6 H 10 O, 
—namely, in addition to the two given in the table, 


CH 3 -CH,-CH<£j]° 

2-Mcthylbutana! 


and 


CH S CHO 
CH 3 >C< CH 3 

2:2-Dimcthylpropanal 


— there are only three ketones — namely, 


CIVCU S 'CO’CU,'CHfc CH 3 • CO • CH 2 • CH* • CH*, 

Diethyl ketone, Mcthylpropyl ketone, 

Pcntnn-3-onc Pentan-2-onc 


pu 

CH 3 -CO-CH<ch| 

Methyliiopropyl ketone, 
2-Mcthylbutan-3-onc, 


Both aldehydes and ketones may be regarded as derived from the 
paraffins, by the substitution of one atom of oxygen for two atoms 
of hydrogen of a Cll 3 — or — Cl l 2 — group respectively. 

Nomenclature. The aldehydes are generally named after the fatty 
acids which they yield on oxidation, or after the alcohols of which they 
arc oxidation products. 

The simple ketones (first obtained by the destructive distillation 
of a salt of a fatty acid) are named after the acid from which they 
were prepared ; acetone, for example, from acetic acid, propiononc 
from propionic acid. The mixed ketones are named according to 
the alkyl groups which they contain, as exemplified above in the case 
of the isomcrides of the composition, C-l lj 0 f )• 

Aldehydes and ketones in general are also named systematically 
after the paraffins from which they are theoretically derived, employing 
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the terminations al and one respectively m the plaee of the final 
ane, with a numeral, if necessary, as shown abote. . d 

Preparation. Aldehydes and ketones may be prepared by methods 
1-5 ; aldehydes (only) by 6, 7 and 8 ; ketones by 9, 10 and 1 1 . 

(1) From alcohols by oxidation with various reagents (includmg 
air, pp. 133, 138, 145) ; primary alcohols give aldehydes, 

CH,CH,0H+0 = CIIjCHO+HjO, 
whereas ketones are produced from secondary alcohols, 

CH 3 CH(0H)-CH 3 +0 = ch 3 coch 3 +h 2 o. 

(2) From alcohols by passing the vapour over copper or nickel. 

heated at 250-320°; primary alcohols thus gne M f» d 
aldehyde, whereas secondary alcohols give hydrogen and a 

(dehydrogenation). 

(3) From fatty acids by the destructive distillation of a sa * 
or a mixture of calcium salts. When a ca Cum salt is ^ated alone 
simple ketone is produced (except calcium formate which gives 

formaldehyde, p. 133), 

(CH 3 -COO) 2 Ca = CH 3 C0CH 3 +CaC0 3 , 

whereas a mixture of the calcium salts of two fatty acids (other than 
formic acid) gives a mixed ketone, 

(CH 3 COO) 2 Ca+(C 2 H 6 COO) 2 Ca = 2CH,-CO-C t H,+2CaC 3 ; 

in the latter case two simple ketones (acetone and _ arC ° 

produced by the independent decompositions of , 

A mixture of a calcium salt with calcium formate gives an aldchvcU, 

(CH 3 -COO) 2 Ca+(H -COO) 2 Ca = 2CH * mC ™ + *?* C ?'' 

(C 3 H 7 COO) 2 Ca+(H COO) 2 Ca = 2C 3 H, CH0 t2C >• 

Similar reactions occur when the vapour of an acid or ‘!J 1 !* Wrc ° 
acids, is passed over heated thorium oxide or titaniui . . 

Higher ketones, such as laurone. palm.tone, 
prepared by heating the higher fatty acids vv ith p 0i 4 
at about 200°. 

(4) From ozonidcs by decomposition with water (p. 96). 

(5) From those dihalogen derivatives of the parafhns m which . both 
the halogen atoms are united to the same carbon atom 

>C C1 2 *>C(OH)j >CO+HjO ; 

this method is of little use in the aliphatic series, as such <1\\ ^ ^ 

not readily obtained except from the corresponding 

ketone. 
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(6) From a cyanide (nitrile), by treating its ethereal solution with 
dry hydrogen chloride and anhydrous stannous chloride, and hydrolys- 
ing the product with warm water ( Stephen reaction) ; the cyanide is 
first converted into an imino-chloride (Part III) which is reduced by 
the stannous chloride to an ahiimine ; this product, with water, then 
gives ammonia and an aldehyde, 

R • CN — ►R • CC1:NH ►R • CH:NH — -R • CHO. 

(7) From acid chlorides by catalytic reduction with hydrogen and 
palladium on barium sulphate ( Rosemund reaction). 

(8) From olefines by the o.vo-reaction (p. 96). 

(9) From ethyl acetoacetate and its derivatives, by hydrolysis ; 
this is a synthetical method of great practical importance (p. 202). 

(10) From hydrocarbons of the acetylene scries by heating them with 
water at about 325°, with sulphuric acid and then with water, or with 
aqueous solutions of mercuric salts ; acetylene gives acetaldehyde, 
the higher members give ketones, 

ch 3 c;ch+h 2 o = CH 3 COCH 3. 

(11) From acid chlorides by the action of zinc dialkyls (p. 233), 
2CH 3 -CO-Cl+Zn(CH 3 ) a = 2CH s -COCH 3 +ZnCl,. 

Physical Properties. With the exception of formaldehyde, which is 
a gas at ordinary temperatures, the aldehydes and ketones up to about 
CnH 22 0 are mobile, neutral, volatile liquids ; the higher members 
are solids. Aldehydes have usually a disagreeable, irritating smell, 
but ketones have generally a pleasant odour. The first two or three 
members of both classes of compounds are readily soluble in water, 
but the solubility rapidly decreases as the molecular weight increases, 
and the higher members are insoluble, or nearly so, in water, but 
readily soluble in alcohol, ether, etc. The boiling-point rises regularly 
in both homologous series ; but the regularities are only observed 
when compounds j* similar structure are compared — as, for example, 
the normal aldehydes. 

Chemical Properties. Aldehydes and ketones have many chemical 
properties in common, because their molecules contain the carbonyl 
group, >CO, and most of their reactions involve changes in this 
particular group only. Owing to the presence of this group, they are 
capable of combining directly under certain conditions with two 
univalent atoms or groups. 

All the lower aldehydes and many of the lower ketones, but usually 
only those which contain the group, CH 3 -CO — , form crystalline 
additive compounds when shaken with a concentrated aqueous 
solution of sodium hydrogen sulphite. This property is of great 
\alue in the purification of aldehydes and ketones, and especially in 
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their separation from substances which do no ^ f C om 

pounds, as illustrated in the case of acetone p. U>). 1 hcsc b, u pn 
compounds are soluble in water, but usually insoluble or n so 
in alcohol and ether ; they are readily 

warmed with dilute alkalis (or acids), the aldehydes or Utoncs being 
regenerated, 

> C(OH) ■ SO,- ONa +NaOH - >C0+Na,SO,+H ! 0. 

The structures of 

IVriln™ to -carbon , - 

™ «• ‘"e r at stability ,S„ld lo the 

472), is due .0 the hydroxyl group vh.ch is * ^ cxamp|e of 

same carbon atom as the — b0 3 ll S r ° l 1 • f , molecule 

how the strength of a bond varies with the structure of the nro.ecu 

as a whole (p. 46). , rod urine agents, 

Aldehydes and ketones are readily acted on > h]oric acidi 

such as sodium amalgam and water, or /me a - (ive i y 

with the formation of primary and secondary alcohols respective y, 

CH, CH, CH, CH0+2H - eila CHa-CH.XHrOH, 
CHa-CO.CH,-CH,+2H - CH,-CH(OH)-CH,-CH,. 

The corresponding alcohol is not *°'Xin™prt .portions 

reduction of a ketone, but is often accompli c y * Acetone, for 
of a di- tertiary alcohol belonging to the c ass .cl l(OH)-CH„ but 

example, yields not only ito propyl alcohol, CH 5 - Cl 1(UH) 

also pinacol, 

2(CH 3 ),CO+2H = (CH,) a C(OH)-C(OH)(CH,),. 

The formation of a pinacol may ^^counted produced 

Sr^on “ion: with 

such an intermediate product might t 1U1 () , , or two structures 

of hydrogen to form a secondary alcohol , Rg * similar products 
might unite to form a pinacol, R * C <° I} < ' duction of aldehydes. 
(di-secondary alcohols) may be formed in 

but usually in smaller proportions. with magnesium 

Pinacol may be prepared by reduc '" R distillation with dilute 
amalgam and water. It is decomposed on d.stillat. 

sulphuric acid, yielding pinacolone % 

Ch’,> C(OH) • C(OH) <ch’, - CH,-CO-C(CH,),H H.O. 
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a very remarkable change, which involves the migration (the removal 
from one part of the molecule to another) of a methyl group. Pina- 
colone is a colourless liquid, boils at 106°, and has a very strong odour 
of peppermint. Its constitution is established by the fact that on 
oxidation with chromic acid it yields trimethylacetic acid and carbon 
dioxide, 

(CH 3 ) 3 C-C0CH 3 +40 = (CH 3 ) 3 C • COOH +C0 2 +H 2 0. 

Aldehydes and ketones, reduced with amalgamated zinc and hydro- 
chloric acid, give the corresponding hydrocarbons (Clemmensen) ; 
with molecular hydrogen and a catalyst, or with aluminium 
Aopropoxide and an excess of isopropyl alcohol ( Ponndorf reagent), 
they yield alcohols free from pinacols, 

> CO +(CH 3 ) 2 CH • OH^=r> CH • OH +(CH 3 ) 2 CO. 

Aluminium ethoxide and ethyl alcohol are also used (Mecrwein). 
These reagents are particularly useful when the aldehyde or ketone 
contains ethylenic or other groups, the reduction of which is not 
desired. 

Aldehydes and ketones are readily acted on by phosphorus penta- 
chloride or pentabromidc with the formation of dihalogen derivatives 
of the paraffins, the oxygen atom of the carbonyl group being displaced 
by two atoms of halogen. Aldehyde, for example, gives dichloroethane 
or ethylidene dichlonde, CH 3 -CHC1 2 , and dibromoethanc or ethylidene 
dibromide, CH 3 • Cl 1 Br 2 , 

CH 3 -CHO+PC1 s = CH 3 * CHClj+POClj, 
and acetone gives 2:2- or fifi-dichloropropaite (acetone dichloride), 

(CH 3 ) 2 C0 + PC1 5 = (CH 3 ) 2 CC1 2 +P0C1 3 . 

The characteristic behaviour of aldehydes and ketones with 
hydroxylamine, phenylhydrazine, hydrazine, and semicarbazide 
(pp. 149-151) depends on the presence of the carbonyl group. 

Aldehydes and ketones combine directly with hydrogen cyanide, 
forming additive products, termed hydroxy cyanides, or cyanohydrins 
(p. 151); aldehyde, for example, giving hydroxyethvl cyanide or 
acetaldehyde cyanohydrin, CIJ 3 • Cl I(OH) • CN, and acetone, hydroxy- 
iso propyl cyanide or acetone cyanohydrin, (CH 3 ) 2 C(OH) • CN. These 
compounds are decomposed by alkalis giving hydrogen cyanide and 
the aldehyde or ketone; but mineral acids hydrolvse them, yielding 
hydroxycarboxylic acids, the — CN group being ' transformed into 

—cooii, 

CH 3 CH(0H)CN+2H 2 0 = CII 3 • CH(OH) • COOH +NH 3 . 

The cyanohydrins are of great importance in the study of the sugars. 
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Aldehydes and ketones are readily acted on by the 
reagents, and give products, which are decomposed by acids . eld g 
secondary and tertiary alcohols respectively (p. 23K) , they Y 
be converted into /3-hydroxy-acids by the Rejormatsky reaction 

Aldehydes and ketones usually react readily w ith ^ j on 

various ways. Formaldehyde, for example, g»'es a acet . 

product, hexamethylenetetramine (structure, p. ^ > ammonia 

aldehyde gives an unstable additive product, a 1 e > Acetone 
(p. 139), which is soluble in water, but insoluble in ether. ’ 

at -65°, also gives an additive produet, which is calM ^^ 
ammonia, or j3 -amino-fi-hydroxypropane, C\ 3 ( ^.ulensation 

but at the ordinary temperature diacetonamine an ot ere 

products arc formed (p. 605). . . . r „ cn „ rK . 

Aldehydes differ from ketones in the following importan P • 

They usually undergo oxidation to a fatty acid on expoMi 

and are readily oxidised by an ammomacal solution o sl ' c . being 

especially in the presence of a little caustic alkali a ^ 

formed. They also reduce alkaline solutions ot cupric P 

(Fehling’s solution). Ketones, on the other hand, are 

stronger oxidising agents, and the difference x-tw tin c whether 

and that of aldehydes, on oxidation, is used for c c c * 

a substance of unknown constitution is an ale e > 1 1 or a . . 

Aldehydes, on oxidation, are converted into fatty aCK s ’ 
the same number of carbon atoms as the origina compoun 

C n H,„ +1 CH0+0 = C,H««m-COOH. 

Ketones, on oxidation, are decomposed with the 
of two acids, each of which, obviously, contains « smaller number 

carbon atoms than the original ketone, 

CH 3 CO CH 3 + 4 O -CH,-COOIl+CO,+H.O. 
CH,*C0-[CHJ 4 -CH 3 +30 = CHj-COOH+CHa-ICHJs* 

A ketone which contains branched chains may gne ,uorc tl , i( y ort j 

acids and in all cases the study of its oxidation products • . • 

• • 

important evidence as to its constitution. the 

Generally speaking, the oxidation of a mixed ketone follow, ^ 

rule (PopofFs rule) that the carbonyl group remains urn 
lower alkyl group, as represented in the second example g 
PopofFs rule, however, does not hold good in all cases. 

Aldehydes give SchifFs reaction ; ketones as a rule do no . 

Aldehydes also differ from ketones in reacting rent 1 y resemble 
in the presence of hydrogen chloride, to form aceta s, w 1 
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ethers in structure and in behaviour, except that they are hydrolysed 
by acids, 

“>CO+2HOC 2 H 6 = R>C<g;%%+H 8 °. 

Aldehydes, in the presence of small proportions of aluminium 
cthoxide, which acts catalytically, give esters, 

2R CHO - R CO OCH t R. 

Aldehydes, especially the lower members of the series, very readily 
undergo polymerisation in the presence of aqueous acids, alkalis, and 
other substances. The most common form of polymerisation is the 
combination of three molecules of the aldehyde to form substances 
such as trioxymethylcne and paracetaldehyde (paraldehyde), the 
constitutions of which are respectively represented by the formulae, 



The method of combination of the three unsaturated molecules to 
form a polymcride will be readily understood with the aid of the 
dotted lines. These polymerides may be decomposed into the simple 
aldehydes under suitable conditions. They do not show the charac- 
teristic reactions of aldehydes because they do not contain the aldehyde 
group ; the unsuitable names, paraldehyde, metaldehyde, etc., were 
given to such substances when their constitutions were unknown. 

Aldehydes arc generally very unstable in the presence of alkalis, 
by which they are converted into brown resins of unknown nature. 
Formaldehyde, however, gives methyl alcohol and formic acid. 

Ketones, as mentioned above, are much more stable than aldehydes ; 
they do not reduce alkaline solutions of silver, copper, etc., do not, as 
a rule, combine directly with ammonia, at ordinary’ temperatures, or 
with alcohols ; nor do they polymerise so readily as do the aldehydes. 

When treated with suitable reagents, both aldehydes and ketones 
readily undergo condensation, two or more molecules combining 
with the loss of the elements of water, as in the production of croton- 
aldehvde from acetaldehyde (p. 141) and of mesityl oxide from acetone 
(p. 147). When condensations of this nature occur, the hydrogen 
atoms of one of the — CM.. — or CH 3 — groups, which is in direct 
combination with the carbonyl group, take part in the reaction. 

It is not necessary that the molecules undergoing condensation 
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should be identical ; two different ketones, two different aldehydes, 
or an aldehyde and a ketone, may condense together. 

Cydotrimethylenetrinitramiiie is formed by the action of nitric acid 
(sp. gr. 1-52) on hexamethylenetetramine. It is crystalline, m.p. 
200-202°, and is an important explosive (cyclonite, hexogen, 1 .A.). 
Its structure, together with that of hexamethylenetetramine, (i). is 
shown below, (n). 


NOj 




CHAPTER 11 

THE FATTY ACIDS 


The fatty acids form a homologous series of the general formula, 

9 »^ 2 nff CO-OH, or C n H 2 n 0 2 ; they may be regarded as deriva- 
tives of the paraffins, the alcohols, or the aldehydes. 


Paraffins Alcohols 

h-ch 3 h-ch 2 -oh 

CH 3 .CH 3 ch 3 -ch 2 -oh 

C 2 II 5 -CII 3 c 2 h 6 -ch 2 -oh 


Aldehydes 

H-CHO 

CH 3 -CHO 

c 2 h 5 -cho 


Fatty Acids 

H-CO-OH 

CH 3 COOH 

C 2 H 5 -COOH 


The term fatty ’ was given to the acids of this series because 
many of the higher members occur in a combined state in— and arc 
obtained from— -natural fats, and resemble fats in physical properties. 

Formic acid, methanoic acid , CH 2 0 2 , or H-CO-OH, occurs in 
nature in nettles, ants ( formicae ), and certain other living organisms ; 
the sting of an ant or nettle owes part, at least, of its irritating effect 
to the presence of formic acid. When nettles or ants are macerated 
with water and the mixture is distilled, a very weak aqueous solution 
of formic acid collects in the receiver. 

Formic acid can be obtained by oxidising methyl alcohol or 
formaldehyde with atmospheric oxygen and platinum black, 

CH 3 • 01 1 + 20 = H • CO • 01 1 + H 2 0, 

HCHOfO = H-CO-OH, 

or by heating hydrocyanic acid with alkalis or mineral acids, 

HCN + 2H,0 = H • CO • 0H+ NH, • 1 

ns a formate, it is produced by decomposing chloroform with 
alcoholic potash, or by heating carbon monoxide with moist potash, 

CO+KOH = H-CO-OK. 


\\ hen a 'arge flask, moistened all over the inside with a concen- 

n L I ° f P k ° l ’ 18 fi " cd with Carbon monoxide and heated 

in boiling water the gas is slowly absorbed (as can be shown by 

Pr °' ldm8 thc ° ask Wlth a dd,ver V mbe, which dips under mercury)! 

is obtained whereas* whcn^mirier-il 3 and • of formic acid 

an ammonium salt are produced ' J aC ' d ' S cmp,0 >' cd - frcc formic acid and 
160 
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All the above-mentioned reactions illustrate complete syntheses 
of formic acid, as all the reagents can themselves be prepared from 
their dements. 

Sodium formate is now manufactured by passing carbon monoxide , 
under pressure, over soda-lime or caustic soda at about 210 . 

Formic acid may be prepared in the laboratory by heating oxalic 
acid with glycerol ; it can be obtained by heating oxalic acid alone, 

c 2 o 4 h 2 = HCOOH+CO.,, 

but when this is done, a large proportion of the oxalic acid either 
sublimes without change, or is decomposed into carbon monoxide, 
carbon dioxide, and water. 

When glycerol and oxalic acid are heated together, the anhydrous 
acid, produced from the hydrated crystals, C 2 II 2 0 4 ,2H 2 0, reacts 
with the glycerol, forming mono-oxaliti, 

CH 2 (OH) • CH(OH) . CH 2 • 0 • OC • COOH , 

which at higher temperatures decomposes into carbon dioxide and 
monoformin , CH 2 (OH ) • CH(OH ) • CI-I 2 • 0 ■ OC • 1 1 . 

On the addition of a further quantity of the hydrated crystals 
of oxalic acid, the monoformin is decomposed by the water, giving 
formic acid, which distils, and the oxalic acid reacts with the re- 
generated glycerol, yielding mono-oxalin. 

The glycerol, like the sulphuric acid in the manufacture of ether, 
is thus able, theoretically, to serve for the preparation of an un- 
limited quantity of formic acid. 

Glycerol (about 50 c.c.) is placed in a retort connected with a 
condenser, crystallised oxalic acid (about 30 k-) is added, and the 
mixture is heated to about 100-1 1 O’ ; rather below this temperature 
an evolution of carbon dioxide commences, and dilute formic acid 
distils, but after some time the action ceases. A further quantity 
of oxalic acid is then added, the temperature of the liquid being 
kept at 100-110°, whereon carbon dioxide is again evolved, and a 
more concentrated solution of formic acid collects in the receiver. 
The addition of oxalic acid is repeated from time to time, until a 
sufficient quantity of formic acid has been obtained. 

For the preparation of lead formate , the aqueous distillate is 
gently warmed with an excess of litharge ; as soon as the litharge 
ceases to be dissolved the boiling solution is filtered, and the filtrate 
is evaporated to a small bulk, when crystals of lead formate are 
obtained. Crystallised copper formate may be obtained in a similar 
manner, using cupric oxide or carbonate. 

Org. o 
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Very concentrated formic acid may be prepared by gradually 
adding very finely divided, dry sodium formate (10 g.) to the 
theoretical quantity of concentrated sulphuric acid, which is con- 
tinuously stirred at 0° ; the pasty product is then placed in a very 
small distillation flask, which is immersed in a water-bath, and the 
formic acid is distilled under reduced pressure. Care must be 
taken not to inhale any carbon monoxide which may be formed 
during the experiment. 

The concentrated acid may also be prepared by dehydrating the 
dilute solution with anhydrous oxalic acid. 

Ethyl hydrogen oxalate is decomposed when it is heated under 
atmospheric pressure, giving carbon dioxide and ethyl formate 
which boils at 54-5°. 


Formic acid is a mobile, hygroscopic liquid of sp. gr. 1-22 at 20° ; 

it solidifies at low temperatures, melting again at 8°, and boils at 

101°. It has a pungent, irritating odour, recalling that of sulphur 

dioxide, and it blisters the skin like a nettle sting ; it is miscible with 

water and alcohol. Formic acid has an acid reaction to litmus, 

decomposes carbonates, and dissolves certain metallic oxides ; it 

behaves, in fact, like a weak mineral acid. Like the aldehydes, it 

has reducing properties, and precipitates silver from warm ammon- 

lacal solutions of silver hydroxide, being itself oxidised to carbon 
dioxide and water, 


H • CO • ONH 4 + Ag 2 0 = 2Ag+NH 4 I-IC0 3 . 

W hen gently warmed with concentrated sulphuric acid it is rapidly 
decomposed into carbon monoxide and water, 

H- CO-OH = CO+HoO, 

and when heated alone at 160° in closed vessels it yields carbon 
dioxide and hydrogen, 

II -CO -OH = COjj+Hj. 

industries ^ “ USCd “ electr0 P latin g. <Mning, and textile 


1 lie formates, or salts of formic acid, are generally prepared by 
nemrahstng the aetd w„h metallic hydroxides, or carbonates ; they 
all dtssolye m water but some, such as the lead and silver salts, are 
only sparingly soluble ; > they are all decomposed by warm con- 
centrated sulphuric acid, with the evolution of carbon monoxide, 

a specified £ 7'?' ° f 

<‘tely soluble, if about 10-20 ; and itoiJt, Sw f that solv ' ent • moder- 
U,nes i,s > we iKht of solvent are required for soTufloii m ° re ^ 2 ° 
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and by dilute mineral acids, yielding form.c ac.d. The sodium 
salt, H CO ONa, and the potassium salt, H-CO-OK, are 
liquescent ; when heated at about 390 , they are converted into 
oxalates with the evolution of hydrogen, a react, on winch ,s used 
for the manufacture of sodium oxalate, 

2HCOONa = C 2 0,Na 2 +H 2 . 1 * * * ^ 

When ammonium formate is heated alone at about 230’ u is 
converted into formamide (p. 178), but when it » heat d w th 
phosphorus pentoxide it gives hydrogen cyanide (p. 354), water 

being eliminated in both stages, 

HCOONHj = lICO-NHi+HA 
H CO NH 2 - HCN-i up. 

A mixture of ammonium formate and an excess of phosphorus 
pentoxide is heated in a glass tube and the gaseous 
passed into a solution of potassium hydroxide , th ■ P ■ 
cyanide in the solution may then be demonstrated in the 

manner. , 

Silver formate, HCOOAg, is precipitated in cstrousco'suis 
when silver nitrate is added to a neutral concentrated solunon of a 
formate ; but it is unstable, and qu.ckly darkens when exposed 

light or when warmed. c _ lllf : nn if 

In order to test for formic acid or a formate, the so ™>n, ' 

acid, is neutralised with sodium carbonate and a P or m s war.ncd 
with an ammoniacal solution of silver ox, e , , 
or mirror of silver is produced, the presence of ^ 

firmed by evaporating the res. of the neutral so u non “ 

and then warming the residue very g cut y ( c o\ an( j 

centrated sulphuric acid, when carbon monoxide is evolved, 

CH 2 0 2 , it must have the constitution, 

H 

^ ° r ^ 
because these are the only formulae which t.m be constru 
accordance with the valencies of the atoms concerned. But the 

1 When a mixture of sodium formate and n P°'' d f ^^[ S ; Cn t \ C lc !°h yd rides of 

compound) is heated at about 4 ^ \ 'several other ’elements may be 

antimony, phosphorus, sulphur, an 

produced in a similar manner. 


H\ /° 

,Xi 


164 


THE FATTY ACIDS 


second formula does not correctly indicate the behaviour of formic 
acid ; it represents the two hydrogen atoms as being in the same 
state of combination, which is very improbable, since one of them 
is, the other is not, readily displaced by a metal ; moreover, it does 
not accord with the fact that formic acid behaves in some respects 
like an aldehyde, and probably, therefore, contains in its molecule 
the aldehyde group, — CHO. For these and other reasons, which 
will be more clearly understood when the case of acetic acid has 
been considered (p. 166), the constitution of formic acid is repre- 
sented by the first formula, which is usually written HCOOH, 
or HCOOH. From analogy with methyl alcohol and other com- 
pounds, it may be assumed that it is the hydrogen atom of the HO— 
group, and not that directly combined with carbon, which is dis- 
placed when the acid forms salts. 

Formic acid, in fact, is an electrolyte, and the hydrogen atom of 
its HO— group is much more easily displaced by metals than that 
of an alcohol ; this is another good example of the 'variable nature of a 
bond between two given atoms (pp. 46, 143). 

Acetic acid, ethanoic acid, C 2 H 4 0 2 , or CH 3 COOH, occurs in 
nature in combination with alcohols in the essences or odoriferous, 
volatile oils of many plants, and is formed during the decay of 
certain organic substances. It can be produced by gently heating 
sodium methoxide in an atmosphere of carbon monoxide at about 
180 , just as formic acid may be obtained from sodium hydroxide 
under similar conditions, 

CHg ONa+CO = CH 3 CO ONa ; 

also by boiling methyl cyanide with alkalis or mineral acids, 

CH 3 CN+2H,0 = CH 3 COOH+NH 3 , 

and by exposing alcohol or aldehyde, in contact with platinum 
black, to atmospheric oxidation. 

Acetic acid is manufactured by oxidising acetaldehyde, in acetic 
acid solution at 70°, with atmospheric oxygen ; the acetaldehyde 
used for this purpose is prepared commercially from acetylene as 
already described, or by the oxidation of alcohol. 

Acetic acid is still prepared to some extent on the large scale from 
the brown aqueous distillate known as pyroligneous acid, which is 
obtained by the destructive distillation of wood. 

T hl f * 1 . quicl IS first dlstl *led and the vapours are passed through 

milk of lime, as already described, to separate the methyl alcohol, 
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acetone, and other volatile neutral substances ; the 

calcium acetate is then evaporated m iron pans, cnst . iron 

distilled in vacuo with concentrated sulphuric ac rcccivcr 

vessels. The crude 80% acetic acid which 

is fractionated in a copper still, and the product, 

tains 99-99-5% of the acid, is treated with potassiun p < 

or dichromate, by which means most of the impurities are - . 

after a final distillation, practically pure glacial (ice- . . 

talline) acetic acid is obtained. The small qua ty of »n 

commercial glacial acetic acid may be removed by *fP"^ |hcn 

crystals from the more dilute mother hquor, me melting- 

cooling and filtering again, repeating the processes until the melt,, g 

point becomes constant. .i f rom the 

In some modern processes the acet.c ac,d ,s extracted I 

pyroligneous acid with solvents, such as ether o 

Anhydrous acetic acid is a crystalline, li\ groscopic soli . ^ ^ 
melts at 16-7°, boils at 118°, and has a sp. gr. 105 at . - , ^ * 

pungent, penetrating smell, a burning action on ’ I 

sharp, siur taste; it is inflammable when near : .» - • 
and burns with a feebly luminous flame. It is miscible w . th ^ 
alcohol, and ether, and is an excellent solvent fo - ^ a$ 

compounds ; it also dissolves many inorganic substan , . 
sulphur, iodine, etc., which are insoluble in \u c r - j‘ j rox . 

strong acid, and acts readily on certain metals and met., 11 • 

idesf unlike formic acid.it has no reducing ° 

acid does not decolourise a solution of potassium pennangan.it , 

if impure, it will probably do so. --writes acetic 

Acetic acid is largely used in the manufacture of acetates, ^ac ^ 

anhydride, and (as anhydride) cellulose acetate si , . ■ ort . 

agulating rubber latex and in curing meat and fish. 

"S^ts of acetic acid, arc prepared 

the acid with carbonates, hydroxides, or metals o y and 

composition ; they are mostly crystalline am 11 ’ c * c ’ ac j t i 

arc decomposed by mineral acids with the h >cra io 

Sodium acetate, CH 3 C00Na,3H 2 0, is frequent yu^d m^th 

laboratory ; it dissolves in its water of fi ” l, °Vhe anhydrous salt 
hut as the water is expelled, the salt solidifies. •' acc tatc, 

is hygroscopic, and is used as a dehydrating agent . o hial , 


CH 


groscopic.and is used as a aenjuuni b h . gradually 

•COOK, is deliquescent. Ammonium acetate _ 8 

decomposed into acetamide (p. 177) and water w i 
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Silver acetate , CH 3 COOAg, is precipitated in lustrous crystals 
when silver nitrate is added to a concentrated neutral solution of an 
acetate ; it is sparingly soluble in cold water, and does not darken 
appreciably on exposure to light. Lead acetate , or ‘ sugar of lead,’ 
(CH 3 • C00) 2 Pb,3H 2 0, prepared commercially by dissolving litharge 
in acetic acid, has a sweet (sugary) astringent taste, is readily soluble 
in water, and is very poisonous ; when its solution is boiled with 
litharge various soluble basic salts are formed. Calcium acetate , 
(CH 3 - C00) 2 Ca,H 2 0,is used for the laboratory preparation of acetone. 

Copper acetate, (CH 3 C00) 2 Cu,H 2 0, is obtained by dissolving 
cupric oxide in acetic acid ; it is a dark, greenish-blue substance. 
Verdigris, (CH 3 - COO) 2 Cu,Cu(OH) 2 , is a blue, hydrated, basic 
copper acetate, which is used as a pigment. Copper acetate and 
copper metarsenite form a beautiful emerald green, insoluble salt, 
(CH 3 C00) 2 Cu,3Cu(As0 2 ) 2 , known as Schwcinfurter green, Paris 
green, or Emerald green, formerly employed in colouring wall- 
papers, carpets, blinds, etc. The acetates of iron, aluminium and 
chromium are used as mordants (p. 657). 

If a solution is to be tested for acetic acid or an acetate, it is 
boiled with a few drops of strong sulphuric acid, when, if acetic 
acid is present, a vapour, acid to litmus paper, is evolved and the 
acid can be recognised by its smell. A fresh portion of the solution 
is then neutralised, if necessary, with sodium carbonate and 
evaporated to dryness ; the residue is warmed with a few drops of 
alcohol and a little strong sulphuric acid. If acetic acid is present, 
ethyl acetate (p. 185) is formed, and is recognised by its pleasant, 
fruity odour (which is easily distinguished from that of alcohol and 
of ether). 

Constitution. The formation of acetic acid by the oxidation of 
ethyl alcohol seems to be a reaction similar to that by which formic 
acid is produced from methyl alcohol ; if, therefore, the two 
changes take place in a similar manner, 

HCH,0H+20 = HCOOH+HA 
CH 3 CH 2 - 011+20 = CH 3 COOH+HoO, 

the constitution of acetic acid would be expressed by the formula, 

H 

Cl V CO OH, or 

H 




THE FATTY ACIDS 


167 


analogous, H-CN+2H..0 = HCOOH+NH 3 . 

CHjCN+aHp = CH3COOH + MI3, 

the constitution of acetic acid would be represented by the same 

formula as before. mnsidcrcd together 

If, now, other methods of formation ^ various 

with the chemical behaviour of acetic ac \ ^ that 

decompositions and its relation to orm * ’ ^ j satisfactory 

the above constitutional formula, and . no other, affords 

interpretation or summary of all the acts. bc advanced in 

From the numerous arguments whi 6 ivcn> (i) The 

support of this statement, the o o\u < „ r oup, because its 
molecule of acetic acid contains the HO gj".* ^ (hat of 
behaviour with phosphorus pcn^i^ group _ tha t is to say, 

alcohols. (2) It contains a C 3 combined with one 

three of the four atoms of hydr g G f t h c four 

carbon atom. This is shown by the fact that three ^ ^ ^ 
hydrogen atoms behave like those in ^2 •» ^ prot i uc tion of 
placeable by (free) chlorine (pp. » )* , which can be 

ethane by the electrolysis of ^ presence of 

formulated in a simple manner, only by assum b 

a CH 3 - group, cQ QH C 0 

_ + t‘2- 

CH 


CHvCOOH 


CO. 


v.n 3 -v_.w ■ — j - , e 

Since, then, as shown by its chem'can^i.nioor. thc^ ^ ^ 

acetic acid contains a CH 3 an an conclusion previously 

constitution shown above, which confirms the conelusi P 

arrived at from other considerations. nm j t j ic i r similarity 

The relation between formic and acetic ^ ^ accounted for 

in certain chemical properties, are also sat.sfactor.ly 
by the respective constitutional formulae, 


O 


O 


HC <” ir ' d ch ’ c <oh 

rr.. .A- are both shown as 
which thus confirm one another. The aU ^ * Q ()H w hich has 
derivatives of the univalent group of atoms, 
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not been met with in any of the neutral compounds yet considered ; 
it may be concluded, therefore, that their characteristic acid pro- 
perties are due to the presence of this group. As, moreover, alde- 
hydes contain the group, — CHO, but do not contain hydrogen 
displaceable by metals, it must be the hydrogen atom of the HO — 
group which is displaced when the acids form salts. The univalent 
group of atoms common to formic and acetic acids is named the 
carboxyl group, and is written — CO -OH, or — COOH. Soluble 
carboxylic acids are weak electrolytes. 

As a good deal of the evidence given above is based on analogy, 
the constitution of acetic acid may be considered in another way 
altogether : Ethylene, C 2 H.„ combines with hypochlorous acid to 
form ethylene chlorohydrin, C 2 H 6 C10, which on oxidation gives 
chloroacctic acid, C 2 H 3 C10 2 ; the latter is converted into trichloro- 
acetic acid, C 2 HC1 3 0 2 (p. 179), by the direct action of chlorine, and 
this acid is decomposed by alkalis giving chloroform, CHC1 3 , and 
carbon dioxide (as a carbonate). All these molecular formulae are 
fully established by the usual methods. 

Now, of the three chlorine atoms in the final product, CHC1 3 , 
one is present in ethylene chlorohydrin and the other two were 
introduced by the substitution of two atoms of chlorine for two 
atoms of hydrogen in chloroacetic acid ; this acid, therefore, con- 
tains the group — CH 2 C1, and the chlorohydrin from which it is 
formed must also contain this group in combination with — CH 3 0, 
i.e. — CH 2 OH. 

It is thus proved that ethylene must be CH 2 :CH 2 and cannot 
be CH 3 CH<, that its chlorohydrin is CH 2 C1-CH 2 -0H, not 
CH 3 CHC10H, and that chloroacctic acid is CH 2 Cl-COOH, not 

I — 0 — I 

CHO-CHCIOH or CIL-CC1-OH, 

as would be possible from considerations of valency alone. Further- 
more, trichloroacetic acid, which can also be obtained from, and 
converted into, acetic acid directly, must be CCl 3 COOH, and 
acetic acid, CH 3 COOH. 

It will be seen from the above that the structural formula of an 
organic compound is based not only on the whole behaviour of that 
compound, but on its relationship to many others, the structures of 
which have been established quite independently. 

Vinegar. When beer, or a weak wine, such as claret, is left 


c 169 

the fatty acids 

exposed to the air, it soon becomes sour, the alcohol which it 
contains being converted into acetic acid, 

CH 3 CH 2 0H+0 2 = CH 3 COOH+H.O. 

This change is not a simple 'living' foment', 

of a process of fermentation broug . atmosp here and 

Bacterium aceti. This ferment ,s present in the atmos^ ^ ^ 

soon finds its way into the solution, where^ g • of the air t0 
manner causes the alcohol to reac * n j s hcrry, do not 

form acetic acid. Strong wines, sue 1 a 1 couS solution of 

turn sour on exposure to the air, nor oeb . $ inact i V ated 

pure alcohol, no matter how di u , auucouS alcohol, since 

by strong alcohol, and cannot live in p e$ m i ne ral salts, 

the latter does not contain nltro B c _ n ^ d hic h are present in 
etc., which the ferment requires for food, ana 

beers and wines. . , • c j t i containing 

Vinegar is merely a dilute so ution ^ b lhc acetous 

colouring matter and other su stance. , which has 

fermentation of poor wine or wine 

begun to turn sour, or of other dilute alcohol 1 

prepared by various processes. containing a 

In the old French or Orleans covered with 

small proportion of \sinc is p a c » v inuslv soaked inside with 
perforated lids, the vats having cen PJJ - ^ ,j u id > an d vinegar is 
warm vinegar ; the ferment soon 1 ge oatc d with a slimy film, 

produced, the solution gradually a ma ss of the living 

known as* mothcr-of-vinegar, "h . t j ie process being 

ferment. After some time more wine • a if_f u U ; most of the 
repeated at intervals until the vat is a repeated with 

vinegar is then drawn off, and the operations 

fresh quantities of wine. , vinegar process,' large vats. 

In the more modem German ^ ar thc top and bottom 

provided with perforated sides, an C c between the discs 

with perforated discs, are employed ; P first moistcnc d with 

is filled with beechwood shavings, wh.cn with a growth 

vinegar in order that they may . Containing 6-10% of alcohol, 
of the ferment ; diluted raw-sp.r.t, conta.nmg ^ ^ cXtrac t, to 

mixed with about 20°o of vinegar, or flt t j, c top, when it 

provide food for the ferment, is then spr. . wilh ,he ferment 

slowly trickles through the shavings, in > col | C cts at the 

and with a free supply of air. b operations are 

bottom is again sprayed over the shavings and 
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repeated until almost the whole of the alcohol has been oxidised to 
acetic acid. This process is much more rapid than the French 
method, since oxidation is hastened by the exposure of a large 
surface of the liquid ; in both methods the fermenting liquid must 
be kept at a temperature of 25-30°. 

Vinegar produced by the French process contains 6-10% of 
acetic acid ; whereas that produced by the German process from 
diluted ‘ raw-spirit ’ contains only about 4-6% of the acid. Vinegar 
is used for table purposes and in the manufacture of white-lead and 
verdigris ; it is too dilute to be economically employed for the 
preparation of commercial acetic acid. 

Homologues of Acetic Acid. As all the higher members of 
the series of fatty acids resemble acetic acid very closely in chemical 
properties, in their methods of formation, and in their transforma- 
tions, their molecules must likewise contain a carboxyl group. With 
the exception of formic acid, they may, in fact, be regarded as 
derived from the paraffins, by the substitution of the univalent 
carboxyl group for one atom of hydrogen ; acetic acid, CH 3 COOH, 
from methane, CH 4 ; propionic acid, C 2 H 5 COOH, from ethane ; 
and so on. They form, therefore, a homologous series of the general 
formula, C„H 2n 0 2 , C n H 2 , (+r COOH, or R-COOH, and are all 
monobasic or inonocarbox*\ iic acids. 

Isomerism starts with the fourth member of the series and the 
number of isomerides theoretically possible in any given case is the 
same as that of the corresponding primary alcohols. The two 
isomeric acids, butyric and wobutyric, 

CH 3 • CH 2 • CH 2 • COOH and ^[^CH-COOH, 

lii 3 / 

for example, correspond with the two primary alcohols, 


CH 3 • CHj, • CH 2 • CH a • OH and ^^CH CH.-OH, 

. , CH*/ 

respectively. 3 

Those isomerides which are derived from the normal paraffins, 
by the substitution of -COOH for one atom of hydrogen in a 
, 3 "T grou f- ^ re termed norm «l acids ; as, for example, normal 

cZcA^com: Com - “ d — -*■ 

Th° se contain the group, (CH 3 ),CH-, are often termed 
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iso-acids, as, for example, frobutyric acid, (CH 3 ),CH COOH, 

wovaleric acid, (CH ; ,),CH-CH 2 COOH. wh j c h arc 

In order to distinguish other wmendes by nam , ^ 

also expressive of their constitutions, the acids ma> rc ^ art j c d as 
derived from acetic acid, just as the a co u> mo lecular 

derivatives of carbinol ; the four •somendes o ^he 
formula, C 5 H 10 O 2 , for example, are named as follows . 


ch 3 ch 2 ch 2 ch 2 cooh 


Normal valeric acid 
(Propylaccuc acid) 


jFgaXcHCOOH 

^ 2 ^ 5 / 

Mcthylcthylacctic acid 


CHaN )CH • CH 2 • COOH 

ch 3 / 

/so valeric acid 
(/jopropylacciic acid) 

CH 3 v 

CI Ac. COOH 

civ 

Trimcthylaceuc acul 


ni PH -COOH, occurs in 

^C^ryiic acid ( P . M2, , 

reduced with sodium amalgam and water, 

CH 2 :CH • COOH+ 2H = CH 3 CII 2 COOH, 

and when lactic acid (p. 267) is heated with concentrated hydriodic 
acid (a reaction which occurs in two stages), 

CH ■ CH(OH) • COOH + HI - CIV CIII- COOH + H,0, 

ch“chicooh+hi-c..,ch,cooi.+i, 

I, may be prepared by oxidising propyl alcohol with chromic acid, 
CH.-CH.-CH.-0H+20 - CH 3 CH,C00H +H.0. 
Propionic acid is a liquid, which boils at 

smell and is miscible with water. 1S j . its sa i ts the 

closely resembles acetic acid in . 

propionates, are soluble in water a CM Cl I. COOH, 

Normal butyric acid «*£?•; ^Station with 

occurs in the vegetable and anm U butter (hence its name), 
glycerol, it is an important compont * antl during the 

It is formed during the decay o an ^ n milk is left exposed to 

butyric fermentation of lact,c atl . , or m ilk-sugar which it 

the air it turns sour, owing to the lactose 
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contains having been converted into lactic acid by an airborne 
organism, the lactic ferment, 

C 12 H 22 0 u +H 2 0 = 4C 3 H 6 0 3 . 

Lactose Lactic acid 

The lactic ferment converts sugars other than lactose into lactic 
acid. When now a little mouldy cheese is added to the sour milk, 
and the solution is kept neutral by the addition of chalk, 1 butyric 
fermentation sets in, and the lactic acid is converted into butyric 
acid by the action of another organism, the butyric ferment, which 
is present in the cheese, 

2C 3 H 6 0 3 = C 4 H 8 0 2 + 2C0 2 + 2H a . 

Lactic acid Butyric acid 

Butyric acid may be prepared by these processes of fermentation 
and separated by steam distillation, or by oxidising normal butyl 
alcohol with a dichromate and sulphuric acid. 

Butyric acid is a thick, sour liquid, boiling at 163°. It has a very 
disagreeable odour, like that of rancid butter and stale perspiration, 
in which it occurs ; it is miscible with water. 

The butyrates, or salts of butyric acid, are soluble in water ; the 
calcium salt, (C 4 H 7 0 2 ),Ca,H 2 0, is more soluble in cold than in hot 
water, so that when a cold saturated solution is heated, some of the 
salt separates in crystals. 

/robutyric acid, dimethylacetic acid, (CII 3 ) 2 CHCOOH, may 
be prepared by the oxidation of wobutyl alcohol, 

(CH 3 ) 2 CH • CH 2 • OH + 20 = (CH 3 ) 2 CIIC00H+H 2 0, 

or from diethyl malonate. It boils at 154°, and resembles the normal 
acid very closely, but it is not miscible with water. 

The calcium salt, (C 4 H 7 0 a ) 2 Ca,5H 2 0, unlike that of normal 
butyric acid, is more soluble in hot than in cold water. 

Of the four isomcrides of the molecular formula, C 5 IIi 0 O 2 , 
wovaleric acid, or isopropylacetic acid, (CH 3 ) 2 CHCH 2 COOH, 
and optically active valeric acid, or methylethylacetic acid (p. 295), 
C 2 H 5 CH(CH 3 )-COOH, are the more important. 

These acids occur together in the plant all-heal, or valerian, and 
in angelica root ; the mixture of acids, obtained when the macerated 
plants are distilled with water, is sometimes known as valeric or 
valerianic acid, and is an oily liquid, boiling at about 174°. 


1 The ferment ceases to act if the solution becomes too strongly acid. 
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A mixture of these two acids may be prepared by oxidising 

commercial amyl alcohol with chrom.c ** ^ thc 

The hexylic acids, C 6 H 12 0 2 , art nreoared. The 

eight isomerides theoretically poss.blc have been prepared. 

normal acid is called caprotc acid. c ,j C OOH ( oenanlhic 

Normal heptylic acid, C- u *» possible isomerides, of 

acid), one of the seventeen theoretical )P^ oxidising castor 

which at least fourteen are known, is P P • 0 ilv, ralher 
oil, or heptaldehydc (p. 144 ), w.th mine a . d . * . j( boils at 

unpleasant-smelling liquid, sparingly volatile 

223°, and, like all thc lower members of thc scr.es. 

Politic acid, C„H 3 A. or C ls H 3 ,COOH, and stearic acid, 

CuHjjOj, or C„ H 35 • c °01 1. 00^1 iabk fat> an d oils 

combination with glycerol in ■ , j principally 

(p, 251), from which they are ^ suhstces 

for the manufacture of stearin ca » insoluble in water, but 
melting at 63° and 71° respeettvey,^ anJ potass ium salts 

soluble in alcohol, ether, etc. . . components of soaps 

are soluble in pure water, and are P""^ 1 “^“saHs are prac- 
(p. 253), but their calcium, magnesiui , > 

tically insoluble. . . ht t0 be a 

A mixture of these two acids was at namc is now 

definite compound, and named mar^t c C OOII. which 

given to a synthetic acid, c «Hj* '*> - n thc scr i c s. and which 
stands between palmitic and stcar 
seems not to occur in nature. 

Derivatives of the Fatty Acids 

Acid Chlorides. When phosphorus acety l 

anhydrous acetic acid an energetic ac K) evo i ut ion of hydrogen 
chloride, CH.-COCl, is formed, with th exo utio. ^ ^ 

chloride ; this change is analogous to on ntac hl or idc, but takes 
when an alcohol is treated with phosphorus pcntachlor 

place practically quantitatively (footnote, p. 

cH..c<° I+ pa-cH,-c<^ + Poa.iHa, 

CH,.CH,011 + rCU - aVCH^^i'Sic acid 
Phosphorus trichloride and oxychloride 
into acetyl chloride. 
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Acetyl chloride is prepared in the laboratory by cautiously adding 
phosphorus trichloride (20 g.) from a tap-funnel to anhydrous 
acetic acid (25 g.) contained in a distillation flask connected with a 
condenser, 

3CH 3 COOH+PCl 3 = 3CH 3 -COCl+P(OH) 3 . 

Another method of preparation is to drop phosphorus oxychloride 
(35 g.) on to anhydrous sodium acetate (20 g.), 

2CH 3 • COONa+ POCl 3 = 2CH 3 COCl+NaPC>3+NaCl. 

In either case the product is then distilled from a water-bath, and 
collected in a receiver from which moisture is excluded. 

Acetyl chloride is a mobile, pungent-smelling liquid, which boils 
at 51-2°, has a sp. gr. H04 at 20°, and fumes in moist air; it is 
violently decomposed by water, with the formation of acetic acid, 

CH 3 C0C1+H 2 0 = CH3COOH+HCI. 

It is decomposed, not only by water and by alkalis, but also, more 
or less rapidly, by all those compounds which contain one or more 
hydroxyl groups ; the interaction usually takes place in such a way 
that hydrogen chloride is produced, the univalent acetyl group, 
CH3 CO— , displacing the hydrogen of the hydroxyl group, 

C 2 II 5 OH+CH 3 COCl = c 2 h 5 oocch 3 +hci, 

C 2 1I 4 (0H) 2 +2CH 3 -C0C1 = C 2 H 4 (OCOCH 3 ) 2 +2HCl. 

Acetyl chloride, therefore, may be employed for detecting the 

presence of a hydru.xyl group in the molecule of a compound. 

For this purpose the dry substance (in the state of a fine powder, 

if a solid) is added to an excess of acetyl chloride, the mixture or 

solution is heaved for some time (with a reflux condenser), and the 

acetvl chloride is then distilled on a water-bath. The substance 
* 

may be recovered unchanged, an indication that it is not a hydroxy- 
compound, or it may be converted into a new substance, an acetyl 
c!c rivative , by t he substitution of the acetyl group , Ac — , for hydrogen ; 
'.his process is called acetylation. 

In the latter case the substance is purified and its composition is 
ascertained by combustion , 1 or, since acetyl derivatives are gener- 
ally decomposed by boiling acids and alkalis, 

C,Hj'OCOCHj+KOH = C,H s OH+CH 3 COOK, 

1 When the acetyl derivative has the same, or nearly the same, percentage 
composition as the original substance, the number of acetyl groups in the 
molecule is determined by the alternative method. 
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the quantity of acetic acid 

known weight of the substance, y . j t JS then possible 

formula of the ordinal substance bemS have bee,, 

to ascertain how many by rogt ords how many hydroxyl 

displaced by acetyl proups; m oth^ ^ ^ original compound. 

groups were contained Ur form ula. C.H.O., is 

Example. A substance of the ™ d which on analysis 

converted by acetyl chloride into a co P q _ tWs reSU | t points 
is found to have the empirical formu ‘ * V ° o{ \{, c product must be 
to the conclusion that the mo ecut f* \ and that the original 

represented by C«Hi 0 O 4 ,or 4 © i Now 03 g. of this 

compound contains g £ acetic acid ; one gram 

product, on hydrolysis, yields 0 2 8- ^ by ?3 g of th c acety 

molecule of this acid (60 g.), t ere * j ar we ight of the acetyl 

derivative. Subtracting the gram m disp i aC cd hydrogen 

group (CHj-CO — -43) and adding 1 of substance 

atom, it is found that thc gram 'phe compound, 

which contains one hydroxy .j groups, and is glycol 

M.W.62, therefore, contains two . 

(p. 240). , _ . Whcn the acetyl derivative is 

Determination of Acetyl Group • , ith a known quantity 

that of a neutral compound it is merely^ acid whic h has 
of standard alkali or acid, and the amount ot 

been formed is then estimated y ‘ 0 -2 g .) j s mixed with 

In other cases, the acetyl dtnV ^iin of benzenesvilphonic acid 
about 100 c.c. of a 10% aqueous solution ^ # currcnt of steam 
(p. 475), and the solution is slowly ’ b thcn titrated 

until acetic acid ceases to pass o\cr , 

with standard alkali. , t nc es con- 

Acetyl chloride also reacts rC 1 r^vat ives being formed, 

taining the —NH 2 or >NH group, y 

\c 2 H^H + cioc.cH 3 = (CA) ! N.oc.cn :: n rt ^ 


can be obtained in a similar m 1 

chlorides with dry hydrogen iodide. chloride instead ot a 

It is often more convenient «» «* thwnyl ^ ^ thc 

phosphorus halide in the prepara 1 gaseous, 

products, other than the requued cblondc a 

R-COOH+SOCU “ R-COCl+bu* 
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Anhydrides. The hydrogen atom of a carboxyl group, — COOH, 
as a rule, is not displaced by the acetyl group when an acid is treated 
with acetyl chloride, but when an alkali salt of a fatty acid is heated 
with acetyl chloride, an acetyl derivative of the acid is formed, 

CH3COOK+CIOCCH3 = CH3 COOOCCH 3+KCI. 

The compound obtained from an acetate in this way is the anhydride 
of acetic acid, derived from 2 mol. of the acid by the loss of 1 mol. 
of water, just as ethers are derived from alcohols, 


ch 3 cooh_ch 3 co >0 H0 

CH 3 COOH'CH3-CO >U+ aU * 

C 2 H 5 OH h o 

CH 5 OH “ C 2 H 5 >U+tl2U * 

It may also be regarded as an acetyl derivative of acetic acid. 


Acetic anhydride, (CH 3 -C0).,0, may be prepared by treating 
anhydrous sodium acetate (20 g.) with acetyl chloride (16 g.). 

The powdered alkali salt is contained in a distillation flask con- 
nected with a condenser, and, when the acetyl chloride has been 
cautiously added from a tap-funnel, the flask is heated in an oil- 
bath or over the free flame, in order to distil the acetic anhydride ; 
the product is collected in a receiver from which moisture is 
excluded and then redistilled. Yield about 17 g. 


Acetic anhydride is manufactured by several processes, mainly 
for use in making rayon (p. 329) ; most of the methods involve the 
interaction of anhydrous sodium acetate and an inorganic chloride 
or oxychloride, 

8CH 3 • COONa+ 3SC1 2 = 4(CH 3 -C0) 2 0+6NaCl+Na 2 S0 4 +2S, 
2CII 3 -COONa+COCl 2 = (CH 3 C0) 2 6+C0 2 +2NaCl. 


Acetic anhydride is a mobile liquid of sp. gr. 1-085 at 15°, boils at 
139°, and has an unpleasant, irritating odour ; it is decomposed by 
alkalis, water, alcohols, and other hydroxy-derivatives, acetyl 
derivatives being formed, 

cii 3 co > ° 4 ' ho ' C2H5 = ch 3 coo-c 2 h 6 +ch 3 -cooh. 

3 

Acetic anhydride, therefore, like acetyl chloride, may be employed 
for the detection of hydroxyl groups and for the acetylation of 
hydroxy-compounds and amines (primary and secondary, p. 228). 
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The operations are carried ou, £S-°L£Zi 

chloride, but the (undissolved) acc ^ watcr . the pro duct is then 
after pouring the reaction ” uxtur ‘; , „i ve n. The action 
examined by methods similar to o hydroxyl groups is 

of acetic anhydride on ^bstances eon ^ acetate, or 

often accelerated by the addition of anhydrous sou 

of a small quantity of zinc chlorldc or ^ P ™"y be converted into 
Other fatty acids, except a!ka li salt of the 

anhydrides by treating the aci phosphorus oxv- 

^d^TV^tlnh^rcscnrble acer.c anhydr.de m 
chemical properties. . , 

Amides. Acetyl chloride and acetic may be 

anhydrous ammonia ; the eompoun o^at of thc acetyl 

regarded as derived from ammonia by he sub^ 
group for one atom of hydrogen, 

CH,.C0C1 + 2N1I 3 = 

(CH 3 -C0) 2 0+2NH 3 = CH 3 CONH 2 -f 3 

Acetamide.' CH.-CO-NH,. may also bt . produ^ W — 

ethyl acetate (p. 185) with a concentrated aqueous 
ammonium hydroxide, n 

CH 3 -CO OC 2 H 5 +NH 3 = CH 3 *CO-NITi+^2^6'^^^ ^ 

or by slowly distilling ammonium acetate, prt cr > 
dry ammonia, X1T , . u C\ 

CH a C00NH 1 -CH 3 C0NH,+H 2 0. 

3 . no c c ) is left in a stoppered 

In thc first method ethyl accta e (~ . ' id( . so j u tion (60 c.c.) 

bottle with a concentrated ammoniu > § which is hastened 

until it has completely dissolved, a s o P f ’ rom t j mc to time ; 

considerably by shaking the ptt c c j Slowly, the fraction, which 

when thc solution is then disti i so |idifics and consists of 
passes over from about 200° upwards, sol.d.i.cs 

practically pure acetamide. „« r tinn of the ammonium 

In the second mc.hod, only asm* W' rhon of ^ ^ ^ 

acetate is converted into acetanu c, opcra tions are repeated 

collected above 140° is redistilled , thtS P . abovc . 200' the 

several times, and from the • or by rc crystallisation 

acetamide is isolated by further distillation or by 

from ether. 
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Acetamide crystallises in needles, melts at 82°, and boils at 222 . 
The pure compound has only a faint odour, but as usually prepared 
it has a strong smell of mice ; it is readily soluble in water and 
alcohol. When heated with mineral acids or alkalis, it is decom- 
posed into acetic acid and ammonia, or their salts (footnote, p. 160), 

CH 3 -C0 NHo+H 2 0 = CH 3 -COOH+NH 3 ; 

on distillation with phosphorus pentoxide it loses the elements 
of water, and is converted into methyl cyanide or acetonitrile , 

CH 3 CONH 2 = CH 3 CN+H 2 0. 

Acetamide (like other amides) is decomposed by nitrous acid, 
giving the corresponding acid with the evolution of nitrogen. 

Formic acid and all the higher fatty acids may be converted into 
amides by methods similar to those given above ; fonnamide , 
H CO NHj, a liquid b.p. Ill 0 (20mm.), for example, may be 
prepared by distilling ammonium formate. These amides closely 
resemble acetamide in properties, and their solubility in water 
diminishes as the molecular weight increases. 

Halogen Substitution Products of Acetic Acid 

Since acetic acid, like methyl chloride, is a mono-substitution 
product of methane, and contains three atoms of hydrogen com- 
bined with carbon, it might be expected to give halogen substitution 
products, just as does methyl chloride. As a matter of fact, acetic 
acid yields three substitution products when it is heated with 
chlorine in direct sunlight, 

CH 3 -COOH+Cl a = CH..C1 • COOII+HC1, 
CH 3 COOH+2Cl 2 = CHC1..-COOH+2HC1, 
CH 3 COOH+3Cl 2 = CC1 3 -C00H+3HC1. 

Again, if the constitutions of acetic acid and of these three com- 
pounds are correctly represented by these formulae, it might be 
inferred that, as the chloro-substitution products still contain the 
carboxyl group, they would behave like monocarboxylic acids, and, 
like acetic acid, form salts, acid chlorides, anhydrides, etc. This 
inference, also, is a sound one ; the three substitution products are 
monobasic acids, similar to acetic acid and to one another in chemical 
properties ; they are reconverted into acetic acid by nascent 
hydrogen, just as the substitution products of methane or ethane 
are transformed into the respective hydrocarbons. 
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The three chloroacetic adds may be prepared by passing chlorine 
into boiling acetic acid, to winch a little iod.nc has been added 
When iodine is present the process can be earned on .r , the ate nc 
of sunlight, because the iodine is converted into iodine tr, chloride , 

which acts on the acetic acid even in the dark, 

CH 3 COOH+ICI 3 - CHX1COOH+HC1+IC1. 

The iodine chloride is again converted into trichloride by diact 
combination with chlorine, and so the process cont.n c , , a 
small proportion of iodine being sufficient to ensure 
The iodine, or rather the iodine chloride, is spoken o » • 

carrier (p. 422). ph PI. COOH, melts 

Chloroacetic acid, monochloroacetic <1 1 , 2 : nt j n a 

at 62°, and boils at 189°. It is prepared commercial!) b> a„. • * 

trichloroethylene (p. 101) with 90% sulphuric acid (p. 309), 
CHC1:CC1 2 +2H 2 0 = CH.CICOOI I+2M Cl, 1 
and isolating the product by distillation in vacuo. It i* u>ed in t k 

^Dichloroacetlc acid, CHC.,COOH, ^ u “ 

193° ; it may be prepared by heating cnloral hydra t 

cyanide in aqueous solution, 

CC1 3 • CH(OH) 2 + NaCN = CHCl.-COOH+HCN + Ka 

Trichloroacetic acid, CC1 3 C0011, is best prepared byosx^ 
ing the corresponding aldehyde, chloral, \\\i \ concc 
acid 

cciaCiio+o = CCI3C0011. 

It melts at 58°, boils at 196°, and is decomposed by hot alkalis int 
chloroform and a carbonate, 

CCI 3 COOK+KOH = CHCI 3 I K .CO 3 . 

The bron.ac.tic end iodoacct.c acids resemble the corresponding 
chloroacetic acids in properties. 

Chloroformic acid, Cl COOH, is unknown except m the nrn. 
of its esters, which are described later (p. -)• 

1 The trichloroethylene, like other okfoiic b then 

bines with the sulphuric acid, R* V «"R * j* j , ( , 

hydrolysed to CH.Cl-CfOH), — H' £ ‘ rc -C(0;l) CN —* 

» CC1. CHO ►CCl J CH(OM) CN *cu,.uu. 

CHC1. CO CN — *■ ClIClj'COOH. 
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Many halogen substitution products of the fatty acids are known. 
There are, for example, two monochloro-propionic acids — namely, 
a-chloro-propiouic acid, CH 3 CHCl-COOH, and fi-chloro-propionic 
acid, CHoC 1CH 2 -COOH — and three dichloro-propionic acids. 
For the purpose of distinguishing these isomerides, and other 
substitution products of acids, the carbon atoms are numbered, 
or more usually lettered, commencing always with that which is 
combined with the carboxyl group (compare p. 182), 

CH 3 • CH 2 • CH 2 • CH, • COOH ; 

5 y P U 

the acid of the constitution, (CH 3 ) 2 CBrCH 2 -COOH, for example, 
may be named fi-bromo\sopropylacetic acid or fi-bromo-fi-methyl- 
butyric acid. 

The fatty acids (and other saturated acids) are not readily attacked 
by any of the halogens (except perhaps by fluorine), but the acid 
chlorides and bromides, and the anhydrides, are comparatively 
easily converted into a-substitution products. 

In order, therefore, to prepare its halogen derivative, the an- 
hydrous acid is mixed with a small quantity of red phosphorus, 
and dry chlorine is then passed into or over the mixture, or bromine 
is slowly added to it from a dropping funnel, gentle heat being 
afterwards applied in order to complete the interaction (Hell- 
Volhard method). Under these conditions the acid chloride or 
bromide is first formed, by the action of the halogen phosphorus 
compound, (PC1 3 or PBr 3 ), or the acid, if dicarboxylic (p. 271), 
is converted into its anhydride ; substitution then takes place, the 
halogen displacing one hydrogen atom from the a-position ; if 
there is no hydrogen atom in the a-position — as, for example, in 
trimcthylacctic acid — a halogen derivative is not formed as a rule. 
When the reaction is at an end the product is either treated with 
water to convert it into the acid, or it is poured into an alcohol to 
convert it into an ester, 

c!pi 5 >CBr ' COBr + CH3 ' OH = cIhl 5 >CBr COOCH 3 +HBr 5 

the second method is generally used when the substituted acid is a 
liquid, because the ester is more easily isolated than is the acid. 

The a-halogen derivatives of many of the fatty acids may also be 
prepared by the following method : Diethyl malonate is converted 
into a mono-alkyl substitution product (p. 207), the ester is 
hydrolysed, and the alkylmalomc acid is treated with chlorine or 
bromine (X), whereby the a-hydrogen atom is easily displaced ; 
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the product is then heated in order to convert it into a halogen 
derivative of a monocarboxylic acid, 

CH,<g88il-CHR<S8|^-CHR <§£$— 

CXR<^OH— CHXRC0 ° H 

Derivatives containing the halogen in the a- or in other y, etc.) 
positions may be prepared by displacing the h ' droxjl 8 , + 
hydroxy-acid by halogen, with the aid of a halogen acid £ ^ 

derivative of phosphorus; /j , y, etc., by t e i ^ 

unsaturated acid with a halogen acid or with a halogen (p. J) 
The halogen atom or atoms in a halogen -bs.iuhion product^o. 

a fatty acid behave like those in the halogen c y 

hydrocarbons, and not like those in acid chlorides or bromide 

examples are given later (pp. 267, 26S, 342). 

SUMMARY AND EXTENSION 

The Fatty Acids. Carboxy-dcrivotivcs oMhe 

general formula, C.H,.0*. or R C ^ anll a ll those 

members of this homologous senes arc the loliox 

mentioned after isovaleric acid arc normal acids . 


Formic acid H- COOl I 
Acetic acid CH 3 - COOl 1 
Propionic acid C 2 H 5 -C001I 

Butyric acid \ Ca HrCOOH 
/jobutyric acid J 

| C«H»-COOH 

C,H,|-COOH 
C,H„-COOII 
C,H,,-COOII 


Valeric acid 
Ziovaleric acid 
Caproic acid 
llcptylic acid 
Caprylic acid 


Pclargonic acid C»Hn-COOIl 
Capric acid C„1 1 ,» • COOl l 

Undccylic acid C 10 Hji’COO 1I 
Laurie acid C,iIIj3 

Myristic acid C n Hj7 

Palmitic acid C U H 3 , 

Stearic acid Cijll 3 y 


COOII 
COOl I 

coon 

COOl I 


M.p. 

+ 8-4° 
+16-7° 
- 20 ’ 
—6° 
-47’ 
-34° 
-38° 
- 2 ° 
- 10 ° 
+ 16° 
+ 12 ° 
+ 31° 
+ 30* 
+ 44’ 
+ 54° 
+63’ 
+ 71’ 


lip. 

ior 

118° 

141’ 

163’ 

154' 

186' 

176’ 

205’ 

223° 

237’ 

254’ 

269’ 


Sp. R r. at 0° 

1 245 

1 070 

1015 

0-978 

0-968 

0-957 

0-947 

0-945 

0-933 

0-914 (20 ) 
0-910 (20 ) 

0 895 (40 ) 
0-910 (25 ) 
0-875 (m.p.) 
0-862 (m.p ) 
0-853 (m.p ) 
0-845 (m.p.) 


It is an interesting fact that lauric acid and Mthc 
named in this table, occur in nature in <»ts aru • higher 

number of carbon atoms, and are a ,1,,r ” 1J ‘ b atoins in their 
normal acids which contain an odd number of carbon 
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molecules are known, but, with possible rare exceptions, they do not 
occur in nature. 

Nomenclature. All the lower normal fatty acids have trivial names. 
Where isomerism occurs the terms normal and iso are used to dis- 
tinguish two of the isomerides, and others may be named as derivatives 
of acetic acid, as shown on p. 171. The more complex acids and 
their derivatives are named more systematically’ after the normal 
paraffins from which they are derived, the terminal e of the suffix ane 
being changed into oic acid; e.g. pentanoic acid , C 5 Hi 0 O a . The 
parent hydrocarbons themselves are in all cases the normal or straight 
chain compounds, as already explained (p. 60), and their chains are 
numbered, starting from the carboxyl group which is numbered 1. 
Isovaleric acid, CH 3 CH(CH 3 )-CH a COOH, therefore, is 3-methyl- 
butanoic acid (p. 171), and the acid CH 3 -CH a CCl(C a H 5 )-COOH 
is 2-ethyl-2-chlorobutanoic acid (although it is derived from an iso- 
mcride of hexanoic acid). If the chain is lettered, instead of numbered, 
the 2-position is lettered a- and so on, 

4 3 2 1 

CH 3 • CH a • CH a • COOH. 

y ft a 

Esters, however, are generally named as earfco.vv-derivatives of normal 
hydrocarbons ; thus the ethyl ester of the chloro-acid just given would 
be ethyl \-chloro-\-ethylpropanc-\-carboxylate, the — COOH group 
being regarded as a substituent of the paraffin. 

Special Methods of Preparation. Formic acid is prepared by heating 
oxalic acid with glycerol and from carbon monoxide and alkali ; 
acetic acid from pyroligneous acid ; butyric acid by the butyric 
fermentation of lactic acid ; palmitic and stearic acids by the hydro- 
lysis of glycerides occurring in fats and oils. 

General Methods of Preparation. (1) Primary alcohols or aldehydes 
are oxidised, 

C 2 H 5 CH.-0H+20 = C.H 5 -COOH+H a O, 
C 0 H I3 CIIO+O = C 6 H 13 -COOH. 

(2) Alkyl cyanides are heated with alkalis or mineral acids, 

C 2 II s CN+2HjO = C a H s • COOH +NH S . 

(3) Those dicarboxvlic acids in which the two carboxyl groups are 
combined with one and the same carbon atom are decomposed by 
heat (p. 276), 

CH 2 (COOH) 2 = CH 3 COOH+CO a . 

(4) Derivatives of ethyl acetoacctate are hydrolysed (p. 202), 

CH 3 CO CH(C 3 H 7 ) COOC.H 5 +2KOH ~ C 3 H 7 CH a -COOK 

+ CH, • COOK + G a H 6 • OH . 
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(5) Dry carbon dioxide is passed into an ethereal solution 
Grignard compound, 

C t H 5 MgBr+C0 2 = CJVC0-0-M B Br 
and the product is decomposed with a dilute acid p mcmhcrs 

Physical Properties. At ordinary ^J r alcoho! , and 

(except acetic acid) are liquids, miscible ’ ionised to 

ether ; like the alcohols, they arc associated , bu they ar 

some extent in aqueous solution. As t e mo tci {hcir p UngC nt 

the acids become more oily in charter, mcmbcrs , from 

smell, and become less soluble in w ate r. n nlv a flint smell, 

C 10 H m O 2 , are solid, waxy, or fatty s J* bstan ^ cs '^ h ^ ^ cthcr . The 
and are insoluble in water, but soluble • hi hcr mem bcrs, 

lower members are readily volatile in stca , h cated steam, 

such as palmitic acid, can only be dis i <- W ater but the 

The first three members are specifically heaMer • • • 

specific gravity decreases as .he dccom- 

the exception of the very high mcml ., . bo jli ng points 

position, under ordinary atmospheric pressure, __C11,— to 

Sf the norn.l acids rise about 19‘ for °Lt^y ; 

the molecule. The melting points also rise, bu mcU at a 

normal acids containing an odd number o containing 

lower temperature than the preceding normal members 

c 'fr°- c, -° ! ' 

alica, Properties. Th^fany 

acid, are only with difficulty oxidise owing to the presence 

compounds and are very stable ; nevert u cs , • undcrgo various 

of the carboxyl group in their molecules, t K > acidS( but the acid 
double decompositions. They are all mono ino i CC ular weight 

character becomes less and less pronounce .-i, decompose 

increases ; whereas formic and acetic “ U [\ oxjdcs> ,he higher 
carbonates and dissolve certain met a * « * w ; t h dilliculty 

members, such as palmitic and stearic ac«i s». sa , ts <)f tbc lower 

recognised as acids by ordinary tests. ie j s ascc nded the 

members are soluble in water; but as t v. 1 ids on ly the 

solubility decreases, until, in the case of the higher 

alkali salts (soaps) arc soluble. an(1 water, until 

Fatty acids react with alcohols, forming 

equilibrium is established, , ii.O. 

CH, ■ COOH + C.H,- OH— Cl I, COOCd M * converted 
When treated with phosphorus pentach one c, 
into acid chlorides, + POCU+HC1. 

C.H.-COOH+PCU - C*H 6 COCl+l uti 3 
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These acid chlorides react readily with hydroxy-compounds, giving 
esters 

C 2 H 6 COCl+CH 3 -OH - C 2 H 5 -COOCH 3 +HCl, 

and, when treated with an alkali salt of a fatty acid, they yield an- 
hydrides of the acids, 

CoH 5 COC1+C 2 H s -COOK = (C 2 H 5 C0) 2 0+KC1 ; 

they react readily with compounds containing the — NH S or > NH 
group, 

CH 3 C0C1+2NH»C 2 H 5 = CH, • CO • NH • C 2 H S + C 2 H 6 • NH 2 ,HC1. 

The fatty acids yield halogen substitution products from which 
hydroxy-, amino-, olcfinic, and acetylenic acids may be prepared. 

From certain salts of the fatty acids, ketones, aldehydes, and 
paraffins can be prepared ; and, as the aldehydes and ketones may be 
reduced to alcohols, and the latter may be converted into ethers and 
olefines, all these compounds may be obtained from the fatty acids. 
The esters of the fatty acids are also used for the preparation of 
amides, primary alcohols (p. 197), and tertiary alcohols (p. 237). 

The properties of the fatty and other carboxylic acids show clearly 
that the behaviour of the carbonyl and hydroxyl radicals of the 
— COOII group, particularly the former, is quite different from that 
of these radicals in ketones and alcohols respectively ; an explanation 
of this fact is suggested later (p. 517). 

Different methods by means of which a fatty acid may be converted 
into the next lower, or higher, homologue are described later (p. 224) ; 
but one method, which is based on reactions already studied, may be 
given here : 

When the barium salt of a fatty acid (except formic) is heated with 
barium acetate, a ketone is formed, and the hydrocarbon radicals of 
the two acids become united by a carbonyl group. When this ketone 
is oxidised, the CH 3 -CO — group is converted into acetic acid, and 
the — Cl I 2 — group to which the carbonyl radical is united is oxidised 
to — CO-OIl (p. 157). The net result of these two operations is the 
conversion of the higher fatty acid into its next lower homologue : 

R • CH a • COOH — ‘R • CH 2 - CO • CH 3 — ►R • CO • OH. 

This method was employed by Krafft, who started from stearic acid, 
(C|*H 3 «0 2 ), and converted it, step by step, into capric acid, (Ci 0 Hjo 0 2 ), 
which was known to be a normal acid. He thus proved that stearic, 
margaric, and palmitic acids, as well as all the lower homologues 
which he obtained in this work, are normal acids ; the ketone derived 
from an acid such as CH 3 -[CH.,]„-CHR-COOH could not yield on 
oxidation the next lower homologue of that acid. 


CHAPTER 12 
ESTERS 


IT has been pointed on, that, in 

like metallic hydroxides ; tl.cy react ruth ac.ds, k 

one time called ethereal salts) and water, 

CoH, -OII+HC1 — C,H,CI+H,0, 

CH, OH+HO OC CH 3 =tCH, O OC CH 3 +H 2 . 

3 ‘L i nctArQ 'ir c decomposed by 

These reactions, however, are n«™ ^ add In thc prep- 

water, with thc formation of an watcr mus t he avoided 

aration of an ester, therefore, t ie P rc experiment must 

so far as possible, and the other “"f “ ^.rcd direct,,,,, 
be so chosen that the react, on proceeds m 

(p. 188). , . i i 10 i s . irc identical with the 

Halogen esters of the monohydri < j ucts 0 f t hc paraffins, 

corresponding halogen mono-substi u i P i nor ganic acids 

as already explained. Esters formed froI " °™ cr , dcriv ed 

resemble the alkyl halides in many respects > J in thc ir 
from acids of such diverse characters that 

properties are only to be expected . derived 

The esters of carboxylic acds, another very 

from acids of a very similar nature and resemble 

closely in all their reactions. 

Esters of Carboxylic Acids 
r ,j pn rjr Ha is formed when acetyl ch ori 

Ethyl acetate, CH 3 - CO - UCoii 6 , 

or acetic anhydride is treated with alcohc 

CH, COCl+CJVOll - C, V i H HCl oo! ( 

/pu ,ro> o+c,H. oh = ciij CtJuv-o'c 

of ethyl alcohol, . A _n r 

CH 3 - COOAg+ BrC 2 H 5 - CH, T ^ r: . c|ic ^ 
It may be prepared by treating a mixture o a c 
or sodium acetate with concentrated sulphuncacid 

CH3 C001U c,h 6 ■ oh = ch 3 cooc j h 5+ h 2 o. 



186 


ESTERS 


A mixture of equal volumes of alcohol and acetic acid is run 
slowly below the surface of a mixture of equal volumes of alcohol 
and concentrated sulphuric acid, heated at about 140° ; this process, 
like that by which ether is prepared, is theoretically continuous 
(apparatus shown in Fig. 19, p. 126) as the alcohol and sulphuric 
acid combine to form ethyl hydrogen sulphate, which then reacts 
with the acetic acid, forming ethyl acetate and sulphuric acid, 

C 2 H 5 -0H+H 2 S0 4 = c 2 h 5 hso 4 +h 2 o, 
c 2 h s • HS0 4 +CH 3 • COOH - ch 3 cooc 2 h 5 +h 2 so 4 . 

The distillate is shaken with a saturated solution of sodium chloride 
containing some sodium carbonate, 1 whereon the alcohol and acetic 
acid dissolve, and the ethyl acetate separates as an oil ; the ester 
is dried over anhydrous calcium chloride, and purified by fractional 
distillation. 

Ethyl acetate may be manufactured by treating acetaldehyde 
with aluminium ethoxide (p. Ill), which acts catalytically, 

2CH 3 -CHO = CH 3 COOC 2 H 5 . 

Ethyl acetate is a mobile liquid of sp. gr. 0-9 at 20°, having a 
pleasant, fruity odour, and boiling at 77° ; it is moderately soluble 
in water. It is readily hydrolysed (p. 189) by alkalis, more slowly 
by hot mineral acids, and by water, 

CH 3 ■ COOC a H s + HoO = CH 3 COOH+C 2 H 5 OH. 

When treated with concentrated ammonia, it yields acetamide and 
alcohol, 

CH 3 COOC 2 H 5 +NH 3 = CH 3 -CONH 2 +C 2 H s OH. 

Since ethyl acetate has a rather characteristic smell, and is formed 
when acetic acid or any of its salts is warmed with alcohol and 
concentrated sulphuric acid, the presence of the acid or an acetate 
may be indicated by this reaction, but there is no simple, conclusive 
test for ethyl acetate or acetic acid. 

Methyl acetate , CH 3 • CO • OCH 3 , is prepared by the same methods 
as those used for the ethyl ester ; it boils at 57-5°. 

The esters of organic acids in general are usually prepared by the 
processes described later (p. 189) ; they may also be obtained by 
the reactions given in the case of ethyl acetate. 

The first or second of these is used when it is required to convert 
completely a small quantity of an alcohol into its ester ; the third 
is useful when only a small quantity' of acid is available : The acid 

1 Compare p. 73. 
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is converted into its silver ester!” sepamTcd from the silver 

halide (reflux condenser), and the 

halide by filtration, is distilled. soarin «ly 

Esters are usually neutral, pleasam.srne'hng^qu.dt 

soluble or insoluble in water a t J higher alcohols, 

under atmospheric pressure, l olefine. The hydrogen 

strongly heated, may give an acid . and \ ^(760 mm.), 

esters, such as ethyl hydrogen oxalate, may he 

and readily soluble in water alkalis, mineral 

All esters are hydrolysed (p. m W 
acids, and even, but more slowly, by boiling *at*r. 

CH. COOC 3 H,+KOH - CH .COOKS CJ ,OH; 

2 M ■ COOCH3+ Ba(Oll), = (H • COO),b.i -LI , 

Esters of carboxylic acids yield amides on treatment 
ccntrated aqueous or alcoholic ammonia, , r \\ OU 

whereas the halogen esters g> v 

(p ‘ 2H)> c 2 h 6 i+nh 3 = c 2 h 5 -nh 2 , h1 - c 

The identification of esters, as such, 
they are generally liquids, and a determ^^y, ^ rcfore , 

alone is insufficient for such a p f’ hoilinti aqueous, say Id 0. 

to hydrolyse the ester with an excess of bo hng idcn tify 

alkali, using a reflux condenser and thento^pj 

the alcohol and the acid which have been 1 p * ^ rcadily 

In the case of esters, derived froi « a homogeneous 

soluble in water, hydrolysis is C0 ™P until about 5 c.c. 

solution is obtained. The liqui is pistillate is warmed with 

have passed over and a portion o r()ma tc * the reduction of 

dilute sulphuric acid and pota»iiim 1 ^ or acc taldehydc 

the dichromate and an odour o dc ohol, which may he 

indicate the presence of met ly or c .y^^ reaction (p- U2). 

further distinguished by means rcadi i y soluble in water 

Esters derived from alcohols, v 11C a homogeneous solution 

(amyl alcohol, for example), do not g ’ has been boiled 

on hydrolysis ; in such cases, after soW a „u 

> Dimethyl oxalate (p. 275) is "re often acid to litmus- 

is moderately soluble in water ; commercial l 
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during an hour or so, the undissolved oil is separated and identified 
by its boiling-point or in other ways. 

For the identification of the acid which has been produced from 
the ester, the alkaline solution is concentrated and treated with an 
excess of dilute sulphuric acid ; the organic acid may then be 
precipitated as a solid or as an oil and further examined. If not, the 
solution is boiled and the escaping vapours are tested with litmus 
paper and any recognisable smell is noted ; if the acid is readily 
soluble in water and non-volatile, it may in many cases be extracted 
with ether and then identified. 

The boiling-point of the ester should then be taken in order to 
confirm or otherwise the tentative conclusion which may have been 
reached. 

The esters of carboxylic acids afford excellent examples of 
isomerism; ethyl formate, HCOOCH 2 CH 3 , for example, is 
isomeric with methyl acetate, CH 3 COOCH 3 ; propyl formate, 
H COOC 3 H 7 , is isomeric with ethyl acetate, CH 3 COOC 2 H 5 , and 
with methyl propionate, C 2 H 5 -COOCH 3 , and so on. 

Esterification. Esters in general are formed when an alcohol is 
mixed with an acid ; but the change, which is a gradual one, is 
never complete, because the reaction is reversible. When the 
interaction has proceeded for a certain time, the quantity of ester 
which is decomposed by the water present is equal to that formed 
in the same time by the interaction of the acid and the alcohol ; in 
other words, a condition of equilibrium is established when the 
two changes represented by the equations, 

CH 3 OH+CH 3 COOH = ch 3 coocii 3 +h 2 o, 

ch 3 cooch 3 +h 2 o = ch 3 oh +ch 3 cooh, 

balance one another. 

This is usually expressed by 

CH 3 OH+CH 3 COOH ^ CH 3 COOCH 3 +HoO, 

and the process represented by reading the equation from left to 
right is called esterification, the reverse reaction, hydrolysis (p. 189). 

I he proportion of alcohol, which is converted into ester, depends 
on the nature of the alcohol and of the acid, and on their relative 
quantities (molecular concentrations) ; it is almost independent of 
the temperature, but the higher the temperature the sooner the 
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condition of equilibrium is attained. These facts were established 

by Berthelot and by Menschutkm. • j d be re- 

Now, if the water produced durmg estenfica ton couta 

moved, or otherwise prevented from decomposmg the^ 

desired change, from left to rig it, s iou ( rat j ng agents ’ 

pletely. This consideration led to the use of > ^draU 

in the preparation of esters, su stan tQ the mixture of 

hydrogen chloride, or sulphuric acid being ^ from dec0 m- 

posing the ester. In practice the results of aoing^h » 

satisfactory, and the two met o s J hydrogen chloride 

esters of organic acids are_ («) Y Pj lco ° h( / con tained in a flask 
into a boiling mixture of the acid and * mixture 0 f 
provided with a reflux condenser , ( ) y ‘ . j j n both 

the acid and alcohol with concentratedsulphunc,^ 

these processes, when the object is i j s uscd in very 

as possible of the acid into its ester, the alcohol 

considerable excess. 

The action of the miner* ^^^"f^huric acid, an alkyl 

(compare p. 194), and the P u vdrox ide such as SO(Ol!)j , 
the water which is formed, giving > ^ proba bly forms some 

hydrogen chloride acts as acid p y either method, with 

reactive additive product wit ‘ of the ac | d is rapid and 

an excess of the akohol, estenficat * we ight of the 

practically complete, Is' retired 

catalyst, compared with that 

Speier method). . • s accomplished by distilla- 

Thc isolation of the ester is a$ a nx \ Ct however, when 

tion, as in the case of ethyl ^ exces& of alcohol is distilled 
esterification is at an end m j into water, and the ester 

from a water-bath, the residue is P ^ . f a solid) by filtration. 

is separated with a separating- car bonate, to free it from 

the 0 c n omp a arabvely P r r apid distillation ^ ^^ly^terified under the 
Tertiary alcohols are only very incomplete y 

conditions just described. , 

Hydrolysis. The term hydrolysis was origins y use 
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the decomposition of one compound, such as a halide or other 
ester, into two or more, accompanied by the fixation of the elements 
of water as H — and — OH, or of some basic hydroxide, H — and 
— OM', in the products of the reaction, 

C,H 5 C1+H 2 0 = CoH 5 OH+HC1, 
CH 3 -COOC 2 H 5 +KOH = CH 3 COOK+C 2 H 6 OH. 

Many other classes of organic compounds, as, for example, anhydrides 
and amides, are thus decomposed or hydrolysed by water, more 
readily by acids and aqueous alkalis. 

The term hydrolysis now includes reactions in which the addition 
of water does not involve a breaking-up or fission of the molecule. 
Such changes may occur in those hydrolyses in which a double or 
treble binding is involved, since one or two of the links of those 
bonds may remain unchanged. Methyl cyanide, for example, 
undergoes hydrolysis, giving acetamide ; a further hydrolysis may 
then occur and fission results, 

ch 3 c;n+HoO = ch 3 -conh 2 , 
ch 3 co-nh,+h 2 o = CH 3 -COOH+NH 3 . 

Acetylenic compounds undergo hydrolysis giving ketones (acetylene 
gives acetaldehyde), without any subsequent fission taking place. 

In many such examples it would seem that the elements of water 
are added as H 2 and O. It is probable, however, that in all cases 
it is FI — and — OH which take part in the reaction, giving usually 
an unstable initial product, which then undergoes isomeric change 
(p. 263), 

CH 3 C:NHI 2 0 = CH 3 C(OH):NH — -CH 3 CONH a , 
CH 3 -C;H+H a O = CH 3 C(OH):CH 3 — ►CH j -CO-CHj. 

Esters of Nitric Acid 

The esters of nitric acid are formed when the alkyl halides are 
heated with silver nitrate in alcoholic solution, 

CH 3 I+AgN0 3 = CH 3 0-N0 2 +Agl ; 

they are also produced, together with nitrites (see below), when 
the alcohols are treated with concentrated nitric acid, 

c 3 h 7 -oh+hno 3 = C 3 H 7 0-N0 2 +H 2 0. 

Ethyl nitrate, C 2 FI 5 -N0 3 , is formed when alcohol is cautiously 
treated with concentrated nitric acid, 

C 2 H 5 0H+HN0 3 = C 2 H 5 N0 3 +H 2 0 ; 
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bu, oxidation also occurs, and so much !«« * 
unless care is taken the rcact.on becomes almost , ivt|y 

violence ; even when the mixture is coo . oxidises some 

small quantity of ethyl nitrate is pro u , } reacts 

of the alcohol and is itself reduced . to acid 

with the alcohol and gives ethyl m ri c. > su b St ance which 

is previously mixed with some urea (p. 264), a substai 

decomposes nitrous acid, ^ 

CO(NH 2 ),+2NO-OH = C0 2 +3H 2 0+2N 2 , 
the reaction takes place quietly, and ethyl nitrate is the principal 

"^Alcohol (not more than 20 g.) is Staduall^ ^^"y'lhlkcn 
volume of nitric acid (sp. gr. 1-4), whic » ■ then very 

with, and still contains about gofuea wilh a 

slowly heated on a water-bath « » a|cohol ,„<! acid, which 
condenser. The mixture of et iy ’ . scpar ating-funnel, 

collects in the receiver, is shaken wit . chloride, and 

and the heavy oil is then run off, dried with caluun 

distilled from a water-bath. 

Ethyl nitrate is a mobile liquid of sp. P r - 1-11 ** 15 ’ ™ olub le in 
87-5° ; it has a pleasant, fruity odour, and wilh a 

water, but readily soluble in alcoho , ct ier > ' ■ sometimes 

luminous flame, and when dropped on a '.o' “ f c ^ s hot 
explodes. It is slowly hydrolysed by hotl.ng water, qu.ck y 
alkalis, yielding alcohol and nitric acid or a mtrat , 

C 2 H 6 ON0 2 +H 4 0 = C 2 H 5 011+HN0 3 . 

On reduction with tin and hydrochloric acid it yields \y rox 

amine ’ C 2 H # - 0 N0 2 4 6H = C 2 H 5 OH+NH 2 OH4 Il-p. 

Methyl nitrate, CH.-O NO, (b.p. 65”), and the higher homologucs 
closely resemble ethyl nitrate in properties. 

Esters of Nitrous Acid 

The esters of nitrous acid are produced by the action of nitrous 
acid on the alcohols, 

C 2 H 5 OH4HN0 2 =C 2 H 6 ONOhILO. 

They may be prepared by saturating the alcohols, wit i tie g 
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evolved by the interaction of arsenious oxide and nitric acid, 1 or 
by distilling an alcohol with sodium nitrite and sulphuric acid. 

Ethyl nitrite, C 2 H 5 -0-N0, is prepared by adding a mixture of 
alcohol and dilute sulphuric acid to a solution of potassium nitrite ; 2 
the product is separated, dried with calcium chloride, and distilled. 

When concentrated nitric acid (3 c.c.) is dropped slowly into a 
cold mixture of alcohol (20 c.c.) and concentrated sulphuric acid 
(2 c.c.), and the solution is carefully distilled with copper turnings 
(about 4 g.), the distillate consists of a mixture of ethyl nitrite, 3 
alcohol, and oxidation products of the latter ; when diluted with 
alcohol, it is employed in medicine as sweet spirit of nitre. 

Ethyl nitrite is a liquid of sp. gr. 0-9 at 15-5° ; it boils at 17°, and 
has a pleasant, fruity odour like that of apples ; it is sparingly 
soluble in water, and is readily hydrolysed by boiling water or 
dilute alkalis, 

C 2 H 5 ONO+KOH = c 2 h 6 oh+kno 2 . 

Methyl nitrite , CH 3 -O NO, is a gas (b.p. -12°); the higher 
homologues resemble ethyl nitrite. Amyl nitrite , C 5 H n O NO, 
for example, prepared by passing nitrous gases into commercial 
amyl alcohol, is a liquid boiling at about 96° ; it is used in medicine 
in cases of angina pectoris , and also, owing to its solubility in organic 
solvents, instead of an aqueous solution of an alkali nitrite, in pre- 
paring diazonium salts in the crystalline condition (p. 455). 


Nitroparaffins 


When ethyl iodide is warmed with silver nitrite, silver iodide is 
slowly formed, and when the liquid product is fractionally distilled 
it yields two substances. One of these boils at 17° and is ethyl 
nitrite ; the other boils at 114° and is called nitroethane. 

Ethyl nitrite and nitroethane are isometic , and the formation of 
both compounds may be expressed by the equation, 

C,H 5 I+AgN0 2 = C 2 H s N0 2 +AgI ; 

but whereas the former is an ester of nitrous acid, H0 N:0, and 
has the constitution, C 2 II 5 -0-N:0, the structure of nitroethane 
must be represented by the formula, C 2 H 6 N0 2 . 


As, 0 j+2HN0 3 +2Hj0 = 2H,As0 4 +N,O s . 

I he readiness with which the alkyl nitrites are formed in the presence 
of water is noteworthy : these esters are also hydrolysed very easily. 

2CU+6HNO, = 2Cu(NO s ) l +2H a O+2HNO g . 
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.assesssaSSrS 

cs WW?* «k*- - 

the direct nitration of the paraffins. . . . and usua lly 

The nitroparaffins are /^'their toil ng-poi'nts are much 
distil without decomposition, but their Do, g P^ by 

higher than those of the correspond g J entirely from 

the case of ethyl nitrite and mtrocthanc. They ditte ^nt y 

the nitrites in chemical behaviour ; the S., 

in, but are not decomposed by caustic alk , a 

like all other esters, undergo hydrolysis, yielding an 

^ The nitroparaffins are converted into amines on reduction, 

C 2 H 5 N0 2 +6H = C 2 H 5 NH 2 +2H 2 0, 
whilst the nitrites yield hydroxylamine or ammonia, and an 

“ C,H s ON:0+6H = C.Hs'OH+NH.+HjO. 

I. « on facts such as 

above are based. The reactions ) whereas those of the 

alkyl radical is directly united with ^ is directly 

nitroparaffins show equally clear y explanation of how 

united with nitrogen, but there is no 0 f silver 
both types of compounds are formed by the 
nitrite and an alkyl halide (compare p. 366) NQ 

All the nitroparaffins which c ° nta ^" * j| ^aqueous solutions 
or > CH • NO arc converted intojlublc saluby ^ ^ ^ 

of the alkali hydroxides. Th . mnanffins and which, in 

are isomeric with thcroiresponding ^ , attcr Nit re- 
solution, probably exist in cq u („) which is derived 

ethane (i), for example, gives a sodium 

from the acid (ill), nI i 

CH,CH,NO„ CH,CH:NO.ONa, CH.-CHiNO-OH. 

Although the sodium salts are ^^^^0 intra- 
unstable, and cannot, as a rule, paraffins • compounds such 

molecular or isomeric change into nitroparaffins , comp 

Org. 7 
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as the nitroparaffins which, although not acids themselves, are yet 
capable of undergoing a (reversible) change in structure and thus 
giving acids, are called pseudo-acids. 

Nitromethane, CH 3 -N0 2 , is formed with the development of 
heat when methyl iodide is treated with silver nitrite, and the 
product in this case contains only a little of the isomeric nitrite. It 
may be prepared by heating sodium chloroacetate with sodium 
nitrite in aqueous solution, 

CHjCICOONa+NaNOa = CH,(N0 2 ) • COONa+NaCl, 
CHj(N 0 2 ) • COONa+H a O = CH 3 N0 a +NaHC0 3 . 

It is a liquid (b.p. 101°), and with a solution of sodium hydroxide 
it gives a soluble sodium salt, analogous to that of nitroethane. 

Some of the lower paraffins are now nitrated on the large scale in 
the vapour phase with nitrogen peroxide or nitric acid ; the products 
are used as solvents for cellulose acetate, nitrocellulose, etc. 

J 

Esters of Sulphuric Acid f 

Dibasic acids, such as sulphuric and oxalic acids, form two 
classes of esters— namely, alkyl hydrogen esters, corresponding with 
the metal hydrogen sulphates, and normal alkyl esters, correspond- 
ing with the normal metallic sulphates, 

Ethyl hydrogen sulphate CjHj-HSO* Ethyl sulphate (C 2 H s )jSC> 4 
Potassium hydrogen sulphate KHS0 4 Potassium sulphate K a S0 4 

Ethyl hydrogen sulphate or ethylsulphuric acid , C 2 H 6 -HS0 4 , 
is formed when ethylene is passed into fuming sulphuric acid, or 
heated with ordinary sulphuric acid, 

CJI. i II,S0 4 = C 2 H 5 OSO a OH or C,H 5 -HS0 4 . 

It is prepared by heating alcohol with concentrated sulphuric acid, 

C 2 H 6 .0H+H 2 S0 4 = c 2 h 5 iiso 4 +h 2 o. 

A mixture of equal volumes of alcohol and concentrated sulphuric 
acid is heated at 100 during about an hour, when some of the 
alcohol is converted into ethyl hydrogen sulphate. The solution 
is then cooled, diluted with water, and treated with a slight excess 
of barium carbonate, when barium sulphate and barium ethyl 
sulphate are formed, 

2C 2 H 5 HS0 4 4 BaC0 3 = (C 2 H 6 -S0 4 ) 2 Ba tCO a +H t O. 

The barium sulphate and excess of barium carbonate are separated 
by filtration, and the cold solution of barium ethyl sulphate is 
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treated with dilute sulphuric acid so long as * preciptee is pro- 
duced, and filtered again from the banum sulphate 

(C,H s SO.),Ba+H,SO. - 2 C,H 1 HSO,+BaSO,. 

The filtrate is now free from s “'P h “ r "; ^ ; when'aTcoho' and 

— - * 

thick, sour liquid. 

basic acid. The potassium salt. C.H s KbU jT y F 1 
neutralising the acid with potass, urn “^onate ri o by .g 

a solution of the barium salt (1 mol.) with reduce d 

(1 mol.), and then evaporating the Itered so uUon u er d ced 
pressure ; it is a crystaUineneu.ralcompund, read,. 

water. The barium salt, (wi 6 au 4 j 2 iM, r,r.>rinitatc 

water, so that ethyl hydrogen sulphate itoe ^ solution is 

with barium chloride in the cold, but does so when ^ 

boiled with dilute hydrochloric acid, whic > > it j s 

afitfiK.*;- Jx&sL.* 

aqueous solution by evaporation at 100 , 

C 2 1I 5 HS0 4 +H 2 0 = C 2 H»-0H+H 2 S0 4 , 

when heated with alcohol it gives ether 

C,H,-HS0.+CJH,-0H = (C 1 HJ,0+H,S0,, 
and when heated alone, or with concentrated sulphuric acid, 
yields ethylene, ^ _ CjH(+H! S 0) . 

Other alcohols react with sulphuric 

^ndsXX thyl uSSS 

undergo similar decompositions, and are frequently 

° f t-yrs — " used u 

emulsifiers and detergents (cf. p. 477). 

Dimethyl sulphate or methyl sulphate * (CH 3 ) 2 SO,, is prepared 

1 The alternative names given to ■*»«*« ierTofdf-.'tri-!^ basic acids, 
similarly in nearly all other cases of normal esters oi a , 
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by treating methyl alcohol with sulphur trioxide at temperatures 
below 0° ; the methyl hydrogen sulphate which is thus produced 
is afterwards heated under reduced pressure, whereon the normal 
ester distils, 

2CH 3 .HS0 4 = (CH 3 ) 2 S0 4 +H 2 S0 4 . 

It is an odourless, poisonous liquid of sp. gr. 1-33 at 15°, boiling at 
188°, and it is slowly hydrolysed by cold water, giving methyl 
alcohol and methyl hydrogen sulphate. 

When a substance which contains — OH, — NH 2 , or > NH groups 
is treated with dimethyl sulphate and an aqueous solution of an 
alkali hydroxide, the hydrogen atoms of these groups are displaced 
by methyl groups ; hence dimethyl sulphate is often used, instead 
of methyl iodide, in methylating organic compounds (p. 484). Its 
vapour must not be inhaled. 

Diethyl sulphate , (C 2 H 8 ) 2 S0 4 , is of less importance ; it may be 
prepared by wanning silver sulphate with ethyl iodide, 

Ag 2 S0 4 +2C 2 H 6 I = (C 2 Hj) 2 S0 4 +2AgI, 

or, on the large scale, from ethylene and sulphuric acid, in the 
presence of cuprous or ferrous salts. It is a liquid, which boils at 
208°, with some decomposition. 


SUMMARY AND EXTENSION 

Esters. Compounds derived from the alcohols by the displacement 
of the hydrogen atom of the hydroxyl group by an acid radical, a 
reaction which is reversible in the presence of water, 

Acid+Alcohol Ester+Water. 

Esters, therefore, may be compared with metallic salts but differ from 
the latter in not being electrolytes. Esters may be derived from 
organic or inorganic acids. Members of the former class have very 
similar properties, but those of the latter differ considerably according 
to the nature of the acid radical ; the esters of halogen acids have 
already been described. 

Nomenclature. The name of an ester, as will have been seen, is 
based on those of the acid and alcohol from which the ester is derived ; 
where necessary the systematic names of the two parent compounds 
arc employed. 

General Methods of Preparation. (1) The acid and alcohol are 
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heated together in the presence of sulphuric acid, hydrogen chloride, 

” Z CH Ch CH de COOH + CH, OH^ CH, CH, C00 CH 1+ H,0, 
™H,“h“?NO, + H.SO. - C S H 1 1 • ONO +Nall SO, + H ,0 . 

(2) An alkyl halide or sulphate is treated with an organic (or in- 

organic) salt, _ ^ TT . T 

C H I+CHiCOO' Ag = CH 3 COO C 2 H 5 4 Agl, 

(CHsliSO, +2CH, ■ COOK - 2CH J COO CH s +K,SO., 

C 2 H S 1 +AgN0 3 = C 2 H 5 N0 3 +Agl. 

(3) An alcohol or its sodium derivative is treated with an aetd 
chloride or anhydride, 

r T 4 .OH ♦ f'H^'COCl = CH 3 * COO • C 2 H 5 + MCI, 

C 2 H 5 OH+(CH 3 CO) 2 0 =CH 3 COO C 2 H s +CH 3 COO . 

(4) An acid, treated with diazomethane ( P . 469), gives a methyl 
ester. 

(5) From aldehydes with suitable catalysts (p. 158). 

(6) Many esters are manufactured from an olefine and an acid ; 
propylene, for example, with acetic acid (and sulphuric acid) at 
under pressure gives riopropyl acetate, 

CHa-CHtCHj+CHj-COOH = CH,COOCH(CH s ),. 
Physical Properties. Normal esters arc : usually neutral pie asant 
smelling liquids, soluble in alcohol and ether but ™^'°' 

^"cftimiia^Pro^er/ie^'hTEsters 6 am hydmiysed by alkalis, acids, or 
even by water, 

H • COO • C 2 H 3 +NaOH = H- COONa+C 2 H 5 OH. 
C 2 H 5 0N:0+K0H = C.HjOH+KNO,. 

The rapidity with which hydrolysis takes P ,ace n t P ™LZ^c 
temperature and concentration of the solution, as potass ium, 

of the ester and of the hydrolysing agent; 

sodium, and barium hydroxides are the mos 1 nearly so, 

agents. Since, however, nea^y ^ 

in water, they are not attacked very l y » potash 

mineral acids; for this reason it is usual “'^“rnbrtag about 
(in which the esters arc soluble), when the on > J 

hydrolysis. , , 

(2) Although as a rule carboxylic ^acids of the 

are not attacked by the common reducing g > 
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higher acids, when treated with sodium and an alcohol or catalytic 
hydrogen, yield alcohols corresponding with those acids, 

CH 3 [CH 2 ] 4 COO-C 2 H s +4H = CH 3 [CH 2 ] 4 -CH 2 -OH+C 2 H 5 -OH. 

Acids, esters, acid chlorides and anhydrides may also be reduced with 
an ethereal solution of lithium aluminium hydride, LiAlH 4 (pre- 
pared from lithium hydride and aluminium chloride), giving inter- 
mediate products which yield primary alcohols on hydrolysis, 

4R-COOH+3LiAlH 4 = (R-CH 2 -0) 4 LiAl+2LiA10 2 +4H 2 , 

2R • COOMe +LiAlH 4 = (RCH 2 0) 2 LiAl(0Me) 2 . 

Olefinic bindings are not usually attacked by this reagent and sorbic 
acid (p. 345), for example, gives the corresponding unsaturated 
alcohol. 

Esters of nitric and nitrous acids, on reduction, yield an alcohol 
and hydroxylamine, or ammonia, 

C,H 5 -0-N0.+6H = CjHjOH+NHjOH+HjO, 
C 2 H s -ONO+ 6H = C 2 H 5 OH+NH,+H a O. 

(3) Esters of carboxylic acids give amides on treatment with 
ammonia, 

CH 3 -COOC 2 H 6 +NH, = CH 3 -CONH 2 +C 2 H 5 -OH. 

(4) When treated with sodium, many esters undergo the Claisen 
condensation (p. 199). 

Occurrence and Uses. Many esters occur in the fruit, flower, and 
other parts of plants, and it is to their presence in many cases that the 
scent of the part is due ; many are prepared artificially for flavouring 
sweets, etc., and for perfumes. Amyl acetate, CH 3 -COOC 5 Hu, for 
example, prepared from commercial amyl alcohol, has a strong smell 
of pears, and is known as ‘ pear oil ’ ; methyl butyrate, C 3 I I 7 • COOCH 3 , 
is sold as ‘ pineapple oil,’ and iso amyl isovalerate as ‘ apple oil. 
Many esters, such as butyl acetate, ethylene diacetate, etc., are used as 
solvents, especially for lacquers, and those of very high boiling-point 
as vacuum-pump oils. 

Nitroparaffins. Derivatives of the paraffins are formed by the dis- 
placement of a hydrogen atom by the — NO a group. They are pre- 
pared (usually mixed with an isomeric nitrite) by treating an alkyl 
halide with silver nitrite, 

C 2 H s I+AgN0 2 = C a H 5 -NO a +AgI. 

They are pleasant-smelling liquids which are not attacked by acids 
or water. On reduction they yield primary amines, 

C 2 H s -N 0 2 +6H = C 2 H i NH a +2H a O, 

a reaction which proves that they are not esters of nitrous acid. 



CHAPTER 13 

SYNTHESIS OF ACIDS AND KETONES WITH THE 
AID OF ETHYL ACETOACETATE AND DIETHYL 

MALONATE 

In the development of organic chemistry few compounds have 
been more Extensively employed for synthetical purposes than ethyl 
aoetoacetate and diethyl malonate ; one of the more important use 
o “hes^ substances have been put is «hc i synt esis of. grea 
number of fatty acids and ketones many of wfochcould have 

prepared only with g reat f 1 ' ffic “ 1 * y J^cOOIit 1 the ethyl ester of 

whh the loss of one molecule of alcohol ( Claisen condensate), 

CH, ■ COOC.H. + HCH S - COOC.H, 0H , 

Sodium <30 gj, in the "hy.lEett' (300g.) 

sodium press) or shoes, .s added to A smaU 

contained in a flask connect >t first> bccaU se if the 

proportion of the sodium sh ° b , iflcd thc reaction may 
ethyl acetate has not been rtRatn yp^ becn added, 

become too vigorous. The particles of sodium 

the flask is heated on a ^^^^rously shaken. 

are no longer seen after thc consists of thc sodium 

The thick brownish pasty P rt > du ^ J"ich cooled 

derivative of ethy! hydroch l ori c acid, until thc 

and is then treated with dilute ( • M al volume of a 

solution is distinctly acid to 1 “ P . the oily layer is separ- 

saturated solution of salt is now a > an hydrous calcium 

a,cd from .he aqueous solution d «d "-^anhyd ^ 

chloride, and fractionated. At .first »om h g ^ ^ . 

and 185°, which consists mainly of 

■ The changes which oecur when edayl *«<•« 
are complex and are discussed later (Part 111;. 199 
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ethyl acetoacetate, and weighs 40-50 g., is collected separately. It 
is advisable to redistil the crude product under reduced pressure, 
otherwise some decomposition occurs. 

Ethyl acetoacetate is a colourless liquid, boiling at 181°, and 
having an agreeable, fruity odour ; it is sparingly soluble in water, 
but miscible with alcohol and ether. Its alcoholic solution assumes 
a violet-red colour on the addition of ferric chloride. 

Although neutral to litmus, the ester dissolves in dilute aqueous 
solutions of the alkalis, and is reprecipitated on the addition of acids, 
but it is practically insoluble in solutions of the alkali carbonates. 
Since esters of acids, R-COOH, do not dissolve chemically in cold 
dilute alkalis, the solubility of ethyl acetoacetate shows that its 
molecule contains a hydrogen atom which is displaceable by certain 
metals under the given conditions. 

The sodium derivative, CH 3 -CO-CHNa-COOEt, 1 may be 
prepared by adding a solution of sodium ethoxide (1 mol.) to ethyl 
acetoacetate, and then evaporating the alcohol under reduced 
pressure, 

CH 3 COCH 2 -COOEt+C 2 H s -ONa = 

CH 3 • CO • CHNa • COOEt + C,H 5 • OH. 

It is crystalline and readily soluble in water and alcohol ; it rapidly 
decomposes when its aqueous solution is boiled. An alcoholic 
solution of the sodium derivative is almost invariably used, instead 
of the solid compound, in preparing derivatives of ethyl acetoacetate 
by the methods described below. 

When shaken with a saturated solution of copper acetate, ethyl 
acetoacetate forms a green crystalline copper derivative, (CaHjOa^Cu, 
which is readily soluble in chloroform. 

The sodium derivative of ethyl acetoacetate reacts readily with 
alkyl halides, with the formation of a sodium halide and a mono- 
alkyl derivative of ethyl acetoacetate. Thus, methyl iodide and the 
sodium derivative of ethyl acetoacetate give ethyl methyl acetoacetate, 

CH 3 - CO-CHNa- COOC,Hj+MeI = CH, CO CIIMe COOC,H 4 +NaI. 

whereas propyl bromide, or iodide, gives ethyl />ro/>y /acetoacetate , 
CH 3 • CO • CHPr • COOCoH 5 , and so on. 

1 It must be clearly understood that this formula may not express the 
constitution of the sodium derivative (p. 204) ; it is used so that the final 
results of the action of alkyl halides on the sodium derivative may be shown 
in a simple manner. 
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All these mono-alkyl substitution products of ethyl acetoacetate 
also form sodium derivatives, on treatment with (sodium or) sodium 
ethoxide, and from these sodium compounds, by the action of alky 
halides, di-alkyl derivatives of ethyl acetoacetate are produced, 

CH # *CO-CNaMeCOOC.H 6 +EtBr = 

CH 3 -COCEtMeCOOC 2 H 5 +NaBr, 

Ethyl methylethyhcctoaccirtc 

CH 3 • CO • CNaPr • COOC 2 H 5 +PrI = , 

CH 3 *CO-CPrPr-COOC 2 H 6 -fNal. 

Ethyl dipropyl accloacctatc 

It is thus possible to obtain a number of mono- or di-alkyl deriva- 
tives of ethyl acetoacetate , but even when two identical groups «e 
to be introduced into the molecule of the ester, the operation is 

carried out in two stages. 

The synthesis of the alkyl substitution products of ' ethyl aceto- 
acetate is usually carried out as follows : The theoretical quantity 
a of“lm 7 g atom) is dissolved in 10-12 

hydrous alcohol, and the solution of so lum e . t j iy j 

about 15". The ethyl acetoacetate, or the mono-subs., u cd c hy 
acetoacetate (1 g. mol.), mixed with a slight excess “ * e fkyl 
halide (1 g. mol.), is now gradually added to the solution of the 

sodium ethoxide, which is kept cool during the 
mixture is then carefully heated on a water-bath in a flask »» 
with a reflux condenser until it becomes ncu ra ... d f 

paper. In order to isolate the product, the alcohol 
a brine-bath, the cooled residue is mixed with water .0 dissolve me 

precipitated sodium salt, and the product is > cx anhydrous 

The ethereal solution is washed with water and lr J { 0 U 

calcium chloride ; the ether is then distilled, and the residual 
purified by fractional distillation. 

One of the more important changes which ethyl acetoacetate and 

its derivatives undergo is that which takes p ace w 
treated with alkalis or mineral acids. Alkalis or ordinary 
merely hydrolyse the esters with the formation of the alkali salts 

the corresponding acids, 

CH 3 • CO • CH 2 • COOEt+ KOH = CH 3 CO-CH 2 COOK+ t- 

When heated with alkalis, however, ethyl acetoacetate an^Hs 

derivatives are decomposed in two ways, the course o _ 

position depending to a great extent on the nature an 

tion of the alkali used. 
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Boiling dilute alcoholic potash converts these substances into 
ketones , with the separation of potassium carbonate (ketonic 

hydrolysis), 


CH 3 • CO • CHjjjCO • 0 Et 
HiOK KOH 

CH 3 • CO • CEtjCO • OjEt 
HOK KOH 


CH 3 • CO • CH 3 + K 2 C0 3 + Et • OH, 
CH 3 • CO • CHEt 2 + K 2 C0 3 +Et • OH. 


Ketonic hydrolysis is also brought about by boiling dilute mineral 
acids. When, however, concentrated alcoholic potash is employed, 
the decomposition takes place in quite a different manner and the 
potassium salt of a fatty acid is the principal product (acid 
hydrolysis), 


CH 3 -CO'CH 2 CO OEt 
KOH KOH 


2CH 3 • COOK+Et • OH, 


CH 3 -CO CEt 2 CO;OEt 
KO+I KOH 


CH 3 • COOK+Et 2 CH ■ COOK+Et • OH. 


Ethyl acctoacetate, therefore, is a very important compound, 
as, with its aid, many fatty acids and many ketones (which contain 
the group, CH 3 COCH<) can be synthetically prepared. 

Example. If an acid of the constitution, (C 2 Hs)(C 3 H 7 )CH • COOH 
— namely, ethylpropylacctic acid — were required, ethyl propyl- 
acetoacctate, CH 3 CO-CH(C 3 H 7 )COOC a H s , might be first pre- 
pared (p. 200) ; the sodium derivative of this substance would 
then be treated with ethyl iodide, and the ethyl ethylpropylaceto- 
acetatc, CH 3 COC(C : H s )(C 3 H 7 )-COOC a H 5 , so formed, would 
be heated with strong alcoholic potash. These stages are shown in 
the following scheme : 


CH, 

1 

CO 

NaOEt 

ch 3 

1 

CO 

NaOEt 

CH 3 

1 

CO 

strong 

CH S 

1 

COOK 

l 


1 


1 

alcoholic 

CHPrEt 

1 

COOK 

CH a 

| 

PrI 

CHPr 

| 

EtI 

CPrEt 

1 

COOEt 

KOH 

COOEt 


COOEt 




Example. If a ketone of the constitution, CH^CO-CH^C^a 
— namely, butylacetone or methylamyl ketone — were required, 
ethyl butylacetoacetate, CH 3 -CO-CH(C 4 H 9 )-COOCtH 6 , would be 
prepared by treating the sodium compound of ethyl acetoacctate 
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with butyl iodide ; this product would then be decomposed with 

... . • «• . _ A'. l.tfrt cnlr^Vn inr. acid* 


ch 3 


ch 3 

1 

ch 3 

1 

1 

CO 

NaOEt 

CO 

dilute 

“ | 

1 

ch 2 

c 4 h,i 

1 

CH • C 4 H, 

h 2 so 4 ch 2 c 4 h 9 

COOEt 


COOEt 

CO,+EtOH 


The acid and the ketonic hydrolysis ot etny. acetoacc ~ 

derivatives always take place to some extent -^ultaneously, whet^ ^ 
weak or strong alkali or acid is used, t is no ’ a j ka jj w j t h- 

“11 run 5 ? S i- “ " t U gltny 

depend very largely on the concentration of the alkali . 

Constitution of Ethyl Acetoacetate On ™' c 

alkalis, ethyl acetoacctate is converted into a salt 
and when this acid is gently warmed it is “ 

and carbon dioxide ; acetoacet.c acid ^he^efore, s„ d 

represented by the formula, CH, CO 2 

ethyl acetoacetate, by CHj CO CH, a croup > CO, 

That the molecule of the latter contains a ke,0 "' c ? minc 

seems .0 be proved by many facts ; it reacts wtth ‘ 
and with phcnylhydrazine, combines with sodium hy g 1 

T t;c ;i £ S' ,J *•, — » «r r 

hydrogen atom displaceable by sodium, whilst et ^ , i s a 

not, seems to show that the former, like ethyl in 

hydroxyl group ; this view is confirmed by the k U 

TZ majority of organic compounds, W 

with carbon is not displaceable by metals and f ferric 

extent by the behaviour of the ester towards a > 

chloride. On this evidence, therefore the structu e of ethyl 

acetate would seem to be CH 3 'C(OH):C • • tion 0 f 

Tautomerism. For many years afterthe ^ 

ethyl acetoacetate, it was not possible to that ethyl 

tivc formulae just given, but eventually it wsa P r { 

acetoacetate is a mixture of two different substances, wh.cn 
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easily converted one into the other. At ordinary temperatures it 
consists almost entirely of a compound of the constitution, 
CHvCO-CH,-COOEt, but contains a small proportion of the 
isomeric hydroxy-compound, CH 3 -C(OH):CH-COOEt. These 
isomerides are in equilibrium with one another, and are readily 
converted one into the other in the presence of various solvents or 
reagents, until a new condition of equilibrium is established. On 
the addition of sodium ethoxide, for example, the hydroxy- compound 
is converted into its sodium derivative, CH 3 -C(ONa):CH-COOEt , 1 
the equilibrium is disturbed, and the ketonic form passes into the 
hydro xy-isomeride, so that ultimately the whole of the ester may be 
converted into a sodium derivative of the above constitution. On 
the addition of an acid to this sodium derivative, the regenerated 
hydroxy- passes into the keto-compound until equilibrium is attained. 

Many substances which, like ethyl acetoacetate, contain the 
group, -COCH 2 CO-, or — CO-CHR-CO— , behave in a 
similar manner and readily pass into isomeric hydroxy-compounds, 
— C(OH):CH CO— or — C(OH):CR CO— , by a reversible re- 
action ; such isomerides differ from isomeric compounds generally 
in the readiness with which they are changed one into the other by 
heat or by the action of various chemical agents, and are termed 
tautomeric forms, tautomerides , or dynamic isomerides. The hydroxy- 
form is known as the enolic modification or enol ; the isomeride is 
named the heto form, and the equilibrium mixture is an allelotropic 
mixture. When one of the tautomeric forms is more stable than the 
other under ordinary conditions, the latter is often called the labile 
modification ; but, as a rule, it is difficult to say which is the more 
stable, as it all depends on the conditions under which the tauto- 
merides are placed. The enolic form, as a rule, gives a violet-red 
colouration with ferric chloride, but the keto form does not (unless 
it is converted into the enol by the reagent). 

Many attempts have been made to estimate the proportions of 
the two forms of ethyl acetoacetate by taking advantage of the 
differences in chemical properties of the tautomerides. Since, for 
example, the enol is an olefine, and combines directly with bromine, 
it seemed possible that titration with bromine might afford a means 
of estimation. Further, since the enol (only) gives a copper 

1 A suggested explanation of how such a sodium derivative gives products 
which have the structure, CH,- CO- CHR- COOEt, with alkyl halides, is 
given later (Part III). 
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derivative (p. 200) this 

rapidity ^ 

Se one fo™ changes into the other in the presence of vartous 
'T^'rapid transformation may be 

About 1 c.c. of are added i the 

vicllet-red atfour, 'characteristic of the ^ ^ 
appears on the addition of enough halogen After a few 

combination of the unsatu ™ ta b produced from the keto 

z: may be continued 

“with the a C id e of h p a hyTal methods, in the ^'"“whe! carefully 
it - Possible to isolate the — -^ho, cAer, or Ugh, 
purified ethyl acetoacetate is tbe p ure keto form 

petroleum and the solution is coded to in thc 

is obtained in crystals, melting a » 

mother-liquor (Knorr). collected in, ordinary 

When the ester is fractionated from .and^collecte^ ^ 

glass vessels, the fractions are prac Y volati i e it is rapidly 

sample, because although the ie ‘ . traces of alkali from the 

converted into the equilibriu . g distilled from a hard 

glass receiver. When, however, nhthalic acid) under a 

glass vessel (in the presence S receiver, 

pressure of 2 mm. and the it « » enoJ . g obtaincd . this product 

a liquid containing about 88 0 (aseptic distillation) 

redistilled in an apparatus made entirely ■ o > be. (mcpl ^ ^ 

gives the pure ettol. During the r P j nto the equilib- 

the less volatile keto form is contmuous y distillation 

rium mixture in contact with the glass o th ma de 
flask, but when the distillation is con fractions 

entirely of silica, <"e cnol voUt.hses first, and.the^ ^ fa ^ 

consist of the pure keto form. 1 " P P about g%, as 

equilibrium mixture at ordinary P ts (refractive 

established by the results of 

index, etc.) on the pure forms an ° n two tautomerides arc 

When, as in this case, it is known tha distinguished as 

capable of independent existence, t ey ■ f j rc tauto- 

desmotropic forms. A substance which behaves^as ^ ^ ^ 

meric, but which is actually known in on ' Q f which 

pseudo, nerism ; the form which has not 

derivatives are obtained, is the pseudomenc form or pset 
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Diethyl malonate, ethyl malonate , CH 2 (COOC 2 H 5 ) 2> does not 
belong to the same class of substances as ethyl acetoacetate, but 
it may be conveniently considered in this chapter on account of its 
employment in the synthesis of acids. 

When potassium chloroacetate and potassium cyanide are heated 
together in aqueous solution, potassium cyanoacetate is produced, 

CH 2 Cl-COOK+KCN = CH 2 (CN)-COOK+KCl, 

and this salt, on hydrolysis with hydrochloric acid, yields malonic 
acid (p. 276), 

CH 2 (CN)C00K+2HC1+2H,0 = CH 2 (C00H) 2 +KC1+NH 4 C1 ; 

when, however, after evaporation, the potassium cyanoacetate is 
added to alcohol and the mixture is saturated with hydrogen 
chloride, or heated with sulphuric acid, the malonic acid which is 
formed is esterified and diethyl malonate is produced, 

CH s (CN)-COOK+2HCl+2C I Hj-OH = CH,(COOC,H,),+KCl+NH t Cl. 

Chloroacetic acid (50 g.) is dissolved in water (100 c.c.) and 
neutralised with potassium carbonate (38 g.) ; potassium cyanide 
(35 g.) is added, and the mixture is slowly heated in a large porcelain 
basin until a vigorous reaction commences. 1 As soon as this has 
subsided the solution is evaporated on a sand-bath, the thick, semi- 
solid residue being constantly stirred with a thermometer until the 
temperature reaches 135° ; the cooled solid cake of potassium 
chloride and cyanoacetate is powdered, transferred to a flask, and 
25 c.c. of anhydrous alcohol are added. A cold mixture of 100 c.c. 
of alcohol and 75 c.c. of concentrated sulphuric acid is now run in 
slowly, while the flask is constantly shaken, and the solution is then 
heated on a water-bath, with reflux condenser, during two hours. 
When cold, the solution is poured into twice or thrice its volume of 
ice-cold water ; the product is then extracted with ether, and the 
ethereal solution is washed with water and dried with calcium 
chloride. The crude oil, which remains after the ether has been 
distilled, is purified by fractional distillation ; the portion boiling 
at 195-200° consists of practically pure diethyl malonate. 

Diethyl malonate boils at 199° and has a pleasant fruity odour ; 
like ethyl acetoacetate, it gives a sodium derivative 2 with an alcoholic 
solution of sodium ethoxide, 

CH 2 (COOC 2 H 5 ) 2 + NaOEt = CHNa(COOC 2 H 5 ) 2 +EtOH. 

1 These operations are carried out in a fume chamber. 

2 Compare footnote, p. 200. 
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Unlike ethyl acetoacetate, it does not dissolve in aqueous alkalis, 
because its alkali derivative is decomposed by water, giving the 
sparingly soluble ester ; it does not give a colouration with ferric 

The sodium derivative of diethyl malonate is a solid, soluble n 
alcohol, but is seldom isolated ; its alcoholic solution reacts readi y 
with alkyl halides, yielding alkyl derivatives of diethyl malonate, 

CHNa(COOC 2 H 6 ) 2 +PrI = CHPr(COOC,H 5 ) 2 +NaI ; 

Diethyl propy /malonate 

these mono-substitution derivatives, like those of ethyl acetoacetate, 
give sodium compounds, which, by further treatment with alkyl 
halides, yield di-substitution derivatives of diethyl malonate, 
CHPr(COOC 2 H 6 ) 2 +NaOEt = CNaPr(COOC 2 H 5 ) 2 +Et^OH, 
CNaPr(COOC 2 H 6 ) 2 +EtI = CPrEt(COOC 2 H 5 ) 2 +NaI. 

In this way many derivatives may be obtained, and the syntheses are 
carried out exactly as described in the case of the substitution 

products of ethyl acetoacetate (p. 201). . 

Diethyl malonate and its derivatives are hydrolysed by g 

alcoholic potash with the formation of the potassium salts of 

corresponding acids, 

CHEt(COOC 2 H 6 ) 2 +2KOH = CHEt(COOK) 2 +2C 2 II 5 OH, 

v 4 Potassium cthylmalonatc 

CEtPr(COOC 2 H 5 ) 2 + 2KOH = CEtPr(COOK)*+2C*H*-OH. 

Potassium cthylpropylmalonatc 

Malonic acid and the dicarboxylic acids derived from it arc rapidly 
and quantitatively decomposed at about 200 , wit t ie evo u 
carbon dioxide and formation of monocarboxylic acids 
behaviour is shown by all acids which contain two carboxyl groups 
directly combined with the same carbon atom, 

ch 2 (cooh ) 2 = ch 3 cooh+co 

CEtPr(COOH) 2 = CEtPrH • COOH + C0 2 . 

Ethylpropylmalonic acid Ethylpropylacctic acid 

Diethyl malonate, therefore, is of great importance in the syn- 
thesis of acids, and, indeed, is more used for 1 11 s purpos 
ethyl acetoacetate, because, in the case of the latter, e on 
always obtained as by-products. „ 

Example. Normal valeric acid, CHj-CH a -CH 2 C’I1 2 ' 

is to be prepared synthetically. For this purpose, e 
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derivative of diethyl malonate is heated with propyl iodide .and the 
resulting diethyl propylmalonate, CH 3 *CH 3 -CH,-CH(COOCeH t )t, 
is hydrolysed with boiling alcoholic potash. The propylmalonic 
acid obtained from the potassium salt is heated at about 200 , or 
distilled, whereon it decomposes into normal valeric acid and car- 
bon dioxide, 


COOEt 

1 

ch 2 

NaOEt 

COOEt 

| 

COOH 

1 

COOH 

ch c 3 h 7 - 

— CH C 3 H v - 

— ► ch 2 -c 3 h 7 

COOEt 

c 3 h,i 

1 

COOEt 

1 

COOH 

co 2 


The examples given above show that ketones, CH 3 -CO-CHRR , 
may be synthesised from ethyl acetoacetate and carboxylic acids, 

RR'CH COOH, from this ester or from diethyl malonate. 

When a ketone or acid of a particular structure is required it is 
easy to decide which groups, R and R', in the form of alkyl halides 
(usually bromides or iodides) must be used for this purpose ; it is 
also obvious that when R or R' is hydrogen, a mono-substitution 
product only of the ester has to be prepared. 

In the synthesis of a di-substitution derivative of either ester, 
when R and R' are different radicals, it is generally better to 
introduce first the group of higher molecular weight. This is 
because in the preparation of a mono-, some of the di-derivative is 
always formed and a part of the original ester may remain un- 
changed ; the greater the molecular weight of the substituent the 
greater the differences between the boiling-points of the com- 
ponents of the mixture. 

All such syntheses afford good yields only when the halides o 
primary alcohols are employed. 

SUMMARY AND EXTENSION 

Ethyl acetoacetate is prepared by heating ethyl acetate with sodium 
and decomposing the resulting sodium derivative with dilute acids. 
The enolic product, ethyl fi-hydroxycrotonate or ethyl 2-hydroxy-l- 
propene-\-carboxylate, CH 3 -C(OH):CH- COOEt, then passes into 
the tautomeride, until equilibrium is attained, and the mixture, which 
usually contains about 92% of the keto form, CH 3 COCH 2 - COOEt, 
is called ethyl acetoacetate ; towards most reagents this mixture be- 
haves as a homogeneous compound. 

Acctnacctic add, a /3-ketonic acid, is obtained (mixed no doubt 
with its tautomeride) by hydrolysing the ester with cold alkali, acidi- 
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fyine the solution, and extracting the acid with ether. ThlS ’ 
other P -ketomc acids, however, are very unstahie and decompose 
many cases at ordinary temperatures, but always when heated, yield g 

carbon dioxide and a ketone, 

CH. CO CH. COOH - CH > CO CH,+CO 
CHj-CO CEvCOOH - CH, CO CHEt,+CO,. 

The sodium derivative of the ester, ethyl sodioacetoacetate, reacts 

with alkyl halides yielding mono-alkyl s “ bstltu ‘'. 0 " P . d jvatives a!so 
latter behave like ethyl acetoacetate, and then sodnun tow uves a 

react with alkyl hahdes. In this way mono - £ 

a - “» 

Ld all its alkyl derivatives, may break down in two ways . 

(a) With boiling dilute alcoholic potash or dilute mincra aci s, 
ketonic hydrolysis occurs and a ketone is produced, 

CH 3 CO CRR -COOEt ► CH 3 CO CHRR • 

(i b ) With boiling concentrated alcoholic potash, acid hy ro ysis 

takes place and an acid is formed, 

CH 3 • CO • CRR' • COOEt — - CHRR'COOH. 

The sodium derivatives of these 0-ketonic [***? ourother* types"©! 
only with alkyl halogen esters, but also with various >P 

neutral halogen compounds, such as the o o\m • 

(1) Aromatic halides, such as benzyl chloride, which contain 
halogen in the side chain, 

CH.'CO-CHNa- COOEnf C*Hj ; CHiC^ Ci ^ i)co o£ t+ M a c| 

(2) Dihalides such as ethylene dibromide, etc^ 

CH,Br CH,CH(CO-CH s ).COOEt +2NaBr 

2CH,. CO • CHNa • COOEt +^^ Br = l, Hj CH(CQ . cHj) . COOEt. 

(3) Monohalogcn derivatives of esters such as ethyl chloroacctate, 

CH|- CO - CHNa^COOEt+CHtCb^^^ B ^ cooEt + NaCl. 

(4) Monohalogen derivatives of ketones, such as bromoaectone. 

CH* CO • CHNa cH?-?0 - CH (C l^caciu • COOEt + NaBr. 

(5) Acid chlorides, such as acetyl chloride, 

CH.’ CO - CBN. - COOE.+CK, COa COOEt+NaC , 
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All these reactions, (l)-(5), may also be carried out with mono- 
alkyl substitution products of ethyl acetoacetate and all the com- 
pounds thus obtained undergo hydrolysis in exactly the same way as 
the simple alkyl derivatives, so that a great many monocarboxylic 
acids, ketones, dicarboxylic acids, diketones, etc., all of known con- 
stitution , can be synthesised. 

Ethyl acetoacetate and its mono-substituted derivatives are similar 
in chemical behaviour, and give a characteristic violet-red colouration 
with ferric chloride. The (//-substituted ethyl acetoacetates, however, 
do not contain a hydrogen atom displaceable by metals, and do not 
give a colouration with ferric chloride. 

These facts are in accordance with the view that it is only the enolic 
form of the ester which shows these reactions. 

Pyruvic acid, CH 3 COCOOH ( acetylformic acid, ketopropionic 
acid), is prepared by heating tartaric acid (p. 282) with potassium 
hydrogen sulphate, 

CH(OH)COOH 

| = CH,COCOOH+CO,+H t O. 

CH(OH)COOH 

It boils, with decomposition, at 165-170°, and is miscible with 
water. It reacts with hydroxylamine, and gives with phenylhydrazine 
in aqueous solution a very sparingly soluble phenylhydrazone, 
CII 3 C(:N-NHC 8 H s )-COOH. When treated with sodium amalgam 
and water, pyruvic acid is reduced to lactic acid (p. 267), 

CH 3 • CO • COOH +2H = CH 3 CII(OH)COOH. 

Laevulic acid, CII 3 COCII 2 CH 2 COOH ()3 -acetylpropionic 
acid, y-ketovaleric acid), is produced when fructose, glucose, sucrose, 
starch, and various other carbohydrates containing 6, or a multiple 
of 6, carbon atoms are boiled with dilute hydrochloric acid ; it may 
be synthesised from ethyl acetoacetate and ethyl chloroacetate (p. 209). 

It melts at 33° and boils at 245° ; it is very soluble in water, reacts 
readily with hydroxylamine and phenylhydrazine, and when reduced 
with sodium amalgam and water it vields the sodium salt of y-hydroxy- 
ralcric acid, CH 3 CH(OH) CH 2 CH a COOH. Laevulic acid is 
isomeric with mcthylacetoacetic acid or a-acetylpropionic acid, 
CH 3 -C0-CH(CH 3 )-C00H ; its name is derived from that of 
laevulose (fructose), the sugar from which it was first obtained. 

a-Ketonic acids, such as pyruvic acid, and y-ketonic acids, such as 
laevulic acid, show a behaviour very different from that of /J-kctonic 
acids, such as acctoacetic acid ; they are not decomposed when they 
are heated moderately strongly, and their esters do not contain 
hydrogen displaceable by metals. 

Diethyl malonate, Cl I a (COOC 2 H 6 ) 2 , is prepared by heating cyano- 
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acetic acid (below) with alcohol and sulphuric acid. Its molecule 

S2S.-.5K5 = ttSSf ", 

obtained. The reactions (1), (2), ( )» l )* derivative of 

%£ ^(COOHT: which The b n h’aXve carbon dio*,de and 

RR-CH-COOH, Oic,M r aio„a,e .he,- 

fore, has been extensively employed for the syn^ f hed by 
and here again the structures of all the products arc 

the methods of their formation. alcoholic solution 

Diethyl sodiomalonate reacts with lodme in . alcor 
giving tetraethyl ethanetetracarboxylate, from which succim 

may be obtained, CH(COOEt) 2 

2CHNa(COOEt) 2 + 1 % = 2NaL 

Ethyl sodioacctoacetate, in a similar ™™™*j ac f to l e i s pro - 
diacelylsuccinate , from which the diketone, a > 
duccd by ketonic hydrolysis, COOEt 

r 3 I +2NaI. 

2 CH 3 • CO -CHNa- COOEt +1, - CH) . C0 . CH • COOEt 

I. is possible that the sodium derivatives o«lma,„„a,e and 
its mono-substitution products have the enohe constitutions, 

EtOOC • CH:C(ONa) • OEt and EtOOC- CR:C(ONa) OEt 

respectively, but the esters themselves give no colouration with feme 

chloride, and probably 'l^ed in the form of 

Cyanoacetic acid, CN LH| tu > m .i on ate and may be 
its potassium salt in the preparation o »e y tc d hydro- 

isolated by decomposing the sal. w,.h ,ce-^ld thc 

chloric acid, filtering from potassium » decomposes at 

filtrate under reduced pressure. I. melts at 65 and 

■JfiE ■>- - - — 



212 


SYNTHESIS OF ACIDS AND KETONES 


Diethyl oxaloacetate, COOEt-CH a -CO-COOEt, or ethyloxalo- 
acetate, is prepared by adding ethyl acetate to diethyl oxalate in 
the presence of sodium ethoxide ; the sodium derivative, which is thus 
formed, is decomposed with dilute sulphuric acid, and the ester is 
fractionally distilled under reduced pressure (b.p. 131-132°, 24 mm.). 
It gives an intense red colouration with an alcoholic solution of ferric 
chloride, and resembles ethyl acetoacetate in undergoing both ketonic 
and acid hydrolysis ; thus, when it is heated with 10% sulphuric 
acid it gives pyruvic acid (p. 210), alcohol, and carbon dioxide, 
whereas with boiling alcoholic potash it yields alcohol and the 
potassium salts of acetic and oxalic acids. 

Acetonedicarboxylic acid, COOH-CH 2 COCH 2 -COOH, or 
fi-ketoglutaric acid, is prepared by warming citric acid (p. 286) 
with anhydro-sulphuric acid, 

CHj-COOH CHj-COOH 

C(OH)-COOH = CO +CO+HA 

CHj-COOH CHj-COOH 

It melts at about 135°, decomposing into acetone and carbon 
dioxide, 

C00H-CH 2 -C0-CH 2 -C00H = CH 3 -CO-CHj+2CO t . 

Its ethyl ester, diethyl acetonedicarboxylate, forms a sodium 
derivative which, like that of ethyl acetoacetate, has been much used 
in syntheses. 


CHAPTER 14 

ALKYL COMPOUNDS OF NITROGEN 

Amines 

Many of the compounds described in the _ preceding J>ages may be 
conveniently considered as derivatives of simple of 

pounds; the alcohols and ethers, for examp e, hydrogen 

water, the mercaptans and sulphides as deri\ a iv 

sulphide, 

HOH C 2 H s OH % 5 scH 5 

HS-H C,H 5 ■ SH CjH 5 • S ■ C 2 h 5 

In a similar manner the hydrides of many other i^thc 

directly or indirectly converted into organ.c by t 

substitution of one or more alkyl groups or an q an[ class 

been displaced by alkyl groups. 


Primary 

Methylamine NH 2 CH 3 
Ethylamine 


Propylamine 


nh 2 c 2 h 5 

nh 2 c 3 h 7 


Secondary 

Dimethylamine NH(CH 3 ) 2 
Diethylamine 
Dipropylaminc 


NH(C 2 H 5 ) 2 

NH(C 3 1I 7 ) 2 


Tertiary 

Trimethylamine N(CH 3 ) 3 
Triethylamine N(C 2 11 5 ) 3 
Tripropylamine N(C 3 H 7 ) 3 

r* it N but it is more 

The amines form a homologous series, C„li 2n+ 3 . 
convenient to group them into three dasses a^ a w Q f ammonium 
In addition to the amines, alkyl HsVOH, 

hydroxide, such as tetra-ethylammonium ty rox '’ j 3racters of 
are known. The methods of formation and be 

the amines, and of the tetra-alkylammon.um derivatives, m y 

illustrated by a description of the ethyl compoun ai3 
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Ethylamine, C 2 H 5 -NH 2 , was first obtained by heating ethyl 
carbimide (ethyl isocyanate, p. 363) with potash (Wurtz), 

C 2 H 5 • N:CO + 2KOH = C 2 H 5 .NH 2 + K 2 C0 3 . 

It is produced (together with di- and fri-ethylamine and a tetra- 
cthylammonium derivative) when ethyl chloride, bromide, or iodide 
is heated at about 100° in closed vessels with alcohol which has been 
saturated with ammonia (Hofmann) ; the halogen acid produced 
during the interaction combines with the amine (or with the am- 
monia) forming a salt, 

C 2 H 5 I+NH 3 = C 2 H 5 NH,,HI or [C 2 H 6 NH 3 ]I. 

It may also be formed by cautiously mixing propionamide (1 mol.) 
with bromine (1 mol.), and then slowly adding a 10% solution of 
potassium hydroxide (1 mol.) until the colour of the bromine 
disappears ; the solution of the propionbromoamide which is thus 
produced, 

C 2 H 5 • CO • NH 2 + Br 2 + KOH = C 2 H s C0-NHBr+KBr+H 2 0, 

is now slowly added to a concentrated aqueous solution of potassium 
hydroxide (3 mol.), whereon the bromoamide is converted into 
ethylamine (Hofmann) by a sequence of reactions, 

C 2 H 5 • CO • NH Br+ 3 KOH = C,H 5 -NH 2 +KBr+K 2 C0 3 +H 2 0. 

1 he base is expelled when the solution is boiled, and the distillate, 
evaporated with hydrochloric acid, gives ethylamine hydrochloride. 

Alcthylamine hydrochloride is obtained in a similar manner from 
acetamide, but is best prepared from formalin (p. 219). 

Ethylamine is prepared by treating ethyl bromide with alcoholic 
ammonia. 

Alcohol (90%, 500 c.c.) is saturated with ammonia, and ethyl 
bromide (120 g.) is added in eight portions at intervals of two days. 
At the end of about eighteen days the solution is filtered, concen- 
trated until the remainder of the ammonium bromide has separated, 
again filtered, and heated at 130° until free from alcohol. The 
diethylamine hydrobromide and any triethylamine salt in the 
residue are then extracted with cold chloroform, leaving ethylamine 
hydrobromide , from which alkali liberates the base. 

Ethylamine is a mobile, inflammable liquid of sp. gr. 0-706 at 4°, 
and boils at 16-6° ; it is miscible with water, and the solution, like 
the liquid itself, has a pungent, slightly fish-like odour, distinguish- 
able from that of ammonia only with difficulty. An aqueous solution 
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especially when warmed, a S d ’ rochloric acid ■ 

when brought into proximity with concentrat > . , and 

rprecipiJes metallic hydroxides 

with it a salt. 1 , ther am ine of 

An aqueous solution of ethylam.ne, or of any o ^ ^ 

sufficiently low boiling-point, unless very , y . 

distinguished from that of ammonia by he m g . and app > * 

light To the escaping vapour ; amines ignite at 

tU Eth"e n : w ith acid chlorides and anhydrides 

giving substituted amides, H pi 

and is therefore easily acetylated. is very stable, it is 

S cthjd alcohol on t'reatmc nt with nitrous acid a 

u ‘ aq -c5^;xr 5 cToH + H,o +N . : . 

this reaction is analogous to that whjchojurstvlien ammonia a 
nitrous acid (ammonium nitrite) are heated together 

NH 4 N0 2 or NH.+HO-NO = 2 H OH+N,. 

A solution of. =>hylaminc hydrochloride^ ite is added slowly by 
chloric acid, and a solution o tQ thc bottom of the acid 

means of a thistle funnel which p is evolved 

solution ; a rapid effervescence^ U ^ When the 

usually contains very little, it any, 

. Probably a minor, of carbonate and carbamate (p. 223), 

CO <oH," CtH* ■ NH|. , . „ 

. •* titit ft the usual pvoecdufe . 
* Formed in the acid solution from a " l,rit h ^ be converted into thc 
With an excess of nitrous acid some of thc alcon 

nitrite. 
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solution is subsequently distilled, the presence of ethyl alcohol in 

the distillate may be proved by the usual methods. 

Ethylamine is also quickly changed when it is warmed with 
chloroform and alcoholic potash, giving ethyl carbylamine (p. 361), 

C 2 H 6 .NH 2 +CHC1 3 +3K0H = C 2 H 5 • NC+ 3KC1+ 3H 2 0. 

The intensely disagreeable smell of the product 1 is at once 
recognisable, and affords a sure indication of the presence of a 
primary amine (Hofmann’s carbylamine reaction). The two re- 
actions just mentioned are characteristic of all primary amines , and 
are of great practical importance ; the first is employed for the 
conversion of the primary amines into alcohols, the second for their 
detection. 

Ethylamine is a mono-acidic base, and, like ammonia, forms salts 
by direct combination ; these salts are all soluble in water, and some 
of them, like those of ammonia, sublime readily, even at ordinary 
temperatures ; they usually differ from ammonium salts in being 
soluble in alcohol, a property which is frequently made use of for 
separating them from mineral salts. 

Ethylamine hydrochloride , [C..H 5 *NH 3 ]C1, or C 2 H 5 -NH 2 ,HC1, as 
often written, crystallises in large plates, and is deliquescent, as is 
also the normal sulphate, 2C 2 H 5 - NH 2 ,H 2 S0 4 . The halogen salts, 
like those of ammonia, form complex salts with many of the metallic 
halides ; of these compounds the platinichloride and the aurichloride 
which correspond with the complex ammonium salts of similar 
composition are important, 

Ethylamine platinichloride [C 1 H»-NIIJ # PtCl, or (C 2 H s -NH t ) t ,H t PtCl, 
Ammonium platinichloride [NH.hPtCl, or (NH 3 ) 2 ,H,PtCl. 

Ethylamine aurichloride [C.l!»- NH,]AuCl« or C s H,-NH a ,HAuCl« 

Ammonium aurichloride [NllJAuCl* or NH 3 ,HAuC1 4 

Such platinichlorides and aurichlorides are usually yellow, orange, 
or red, and are generally much more sparingly soluble in water 
than the hydrochlorides ; for the latter reason they are often used 
for detecting and isolating the amines ; on ignition they give a 
residue of pure metal (p. 29). 

Diethylamine, (C.J 1 5 ) 2 NH, is formed when ethyl iodide or 
bromide is heated with alcoholic ammonia, as described in the case 


1 Compare footnote, p. 77. 
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of cthylamine ; the primary base, which is first produced, combines 
with the alkyl halide to form a salt, 

C 2 H 5 -NH 2 +C 2 H 5 I = (C 2 H 5 ) 2 NH,HI or [(C 2 H 5 ) 2 NII 2 ]I, 

which is partly decomposed by the excess of ammonia. 

Dicthylamine is a very mobile, inflammable liquid, boiling at 
56° ; it is a strong base, like ethylamine, which it resembles %ery 
closely in smell, solubility, etc., and also in forming simple and 
complex salts. Like ethylamine it reacts with acid chlorides an 
anhydrides giving (di-)substituted amides, 

(C 2 H 6 )NH+(CH 3 C0) 2 0 = (C 2 H 5 ) 2 NCOCH 3 +CH 3 COOH. 

It is readily distinguished from ethylamine, inasmuch as it docs 
not give the carbylamine reaction ; its behaviour with nitrous acu 
is also totally different from that of ethylamine, since, instead o 
being converted into an alcohol, it yields diethylmtrosoarmnc , 

(C 2 H 5 ) 2 NH+HO-NO = (C 2 H s ) 2 N-N0+H 2 0. 

A cold concentrated aqueous solution of sodium nitrite is added 
gradually to a concentrated solution of diethylamine hydro- 

chloride in hydrochloric acid ; the diethylnitrosoaminc separates 
as an oil, because it is not readily soluble in water and does not form 

salts with acids. 

All secondary amine, behave in this tvay ; that is to saj '■ °" ‘ “ eat * 
men. tvi.h nitrous acid, they are converted « 
the substitution of the univalent mtroso-group, -NO, for 
of hydrogen which is directly united with nitrogen. 

When a nitrosoamine is mixed with phenol (p. +83 1 and con 
centrated sulphuric acid, it gives a dark-green solution which when 
diluted with water, becomes red, and with an excess of alkah ^ume 
an intense blue or green colour ; this reaction 
nitroso-reaction) affords a means of detecting, no S' 
amine, but also a secondary amine, as the latter » convertible into 

the former. The nitrosoamine (usually an oil) m 

with water until free from nitrous acid before applying L ^rmann 

reaction, since nitrous acid and nitrites give the same colour changes 

as a nitrosoamine. 

Diethylamine hydrochloride, [(C 2 H 8 )*NH 2 ]C1 or ( 'J^inichloride, 
is colourless, and readily soluble ,n water ; ^ f " are 
{(C,H 6 ) 2 NH} 2 . H 2 PtCl a , and aur, chloride , (C 2 H.).NH, « 

orange, and less readily soluble. 
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Triethylamine, (C 2 H 6 ) 3 N, formed from diethylamine and ethyl 
bromide, is also produced when ethyl iodide or bromide is heated 
with alcoholic ammonia, 

(C 2 H 5 )NH+C 2 H 6 I = (C 2 H 6 ) 3 N,HI or [(C 2 H 5 ) 3 NH]I ; 

it boils at 89° and is more sparingly soluble in water than the 
primary and secondary compounds. It does not give the carbyl- 
amine reaction, and is not acted on by nitrous acid at ordinary 
temperatures (except to form a salt) ; nor by acid chlorides or an- 
hydrides, so that it is readily distinguished from a primary or 
secondary amine ; other tertiary amines resemble triethylamine in 
these respects. The salts of triethylamine correspond with those 
of the other bases. 

The salts of primary, secondary, and tertiary amines are all 
decomposed by alkalis and by alkali carbonates ; when an excess 
of the alkali is used, and heat is applied, the amine volatilises and, 
as in the case of ammonium salts, the (reversible) reaction proceeds 
to completion. 

Quaternary Ammonium Derivatives 

Triethylamine, and other tertiary amines, combine directly 
with one molecule of an alkyl halide, yielding salts analogous to 
those of ammonium, 

N(C 2 H 6 ) 3 +C 2 H 6 I = N(C 2 H 5 ) 4 I, 

nh 3 +hi = nh 4 i. 

The bases corresponding with these salts are non-volatile , and 
therefore remain in solution when the salts are heated with aqueous 
alkalis ; when, however, aqueous solutions of the salts are shaken 
with freshly precipitated silver oxide, silver halides are produced, 
and hydroxides, analogues of ammonium hydroxide, may be isolated 
by evaporating the filtered solutions, 

(CoH 5 ).,NI+ Ag • OH = (C 2 H s ),N • OH+ Agl. 

The hydroxides obtained in this way are termed quaternary 
ammonium bases , or tetra-alkylammonium hydroxides', although 
they are similar in type to ammonium hydroxide, they differ from 
the latter in several important respects, and resemble rather the 
hydroxides of sodium and potassium. 

Tetraethylammonium hydroxide, (C 2 H 5 ) 4 N OH, or 
[(C 2 H 6 ) 4 N]OH, for example, is crystalline and deliquescent ; it 
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has a strong alkaline reaction, absorbs carbon d, oxide from the 
and liberates ammonia from ammonium salts ; when s rang y 
heated it is resolved into triethylamine and ethyl alcohol (or ethylene 

and ' Va ‘ er> ’ (C 1 H 5 ) 4 N 0H = (C ! H 5 ) 3 N + C ! H,+H 2 0. 

The salts of tetraethylammonium hydroxide (such as the . iodide, 
p. 218) may of course be obtained by treating the hydroxide 
acids ; they are crystalline and readily soluble in water. 

The tetra-alkylammonium halogen salts undergo decomposition 

or dhsociation when they are heated, & 

an alkyl halide, just as ammonium chloride dissociates 

ammonia and hydrogen chloride, 

N(C,H 6 )*C1 = N(C t H 5 )j+C 2 H s Cl. 

Usually the halogen ester, being more volatile than the tertiary 
amine nasses off before recombination takes place (see below). 

T a similar manner the halogen salts of some tertiary amines may 
be "nvTted into secondary, and those of secondary into prunary, 
amines, with the elimination of an alkyl halide. 

The three ethylamines and the tetraethyUmmonium compound 

in the case of the ethylaminc compounds, and have cnemit 
propcrtiesTo IX ambling those of the latter that a desor.pt, on 
of individual compounds is unnecessary. 

ITZe (CH) H N N o” ur -ombin^d 

thC ^ and trimethyl- 

at -7°, 7 , and 3 5 respectively ^ ^ by ^ distiUation of thc 

amine may be prepared ont g bcct . SURa r, and arc employed 
waste products obtained in rchm g Uvrlmrhloridc may 

for various technical purposes 

h'MettSneTS”^ in die laboratory by slowly heating 

JESS X SL 

^TcHO+NH.Cl - (CH,)iNH,HCl+2H COOH. 
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Preparation of Amines. Two important general methods which 
are used for the preparation of amines have already been described 
— namely, those which were discovered by Hofmann (p. 214). The 
first of these methods gives primary, secondary, and tertiary amines, 
as well as the tetra-alkylammonium derivatives, the composition of 
the product depending mainly on the proportion of the reactants 
and the strengths of the bases concerned. 

The first additive product, R-NH 3 X, reacts with ammonia to 
equilibrium, 

R NH 3 X+NH 3 ^ R NH a +NH 4 X, 

and the liberated primary base then gives a salt of the secondary 
amine, R.NH 2 X ; a new equilibrium is then reached between this 
salt, primary base, and ammonia, giving some free secondary base, 
which in its turn may afford tertiary amine, and finally a quaternary 
salt, by a repetition of such reactions. All these changes depend on 
the variable valency of nitrogen. 

In order to isolate the bases, the solution is warmed gently to 
expel ammonia, an excess of alkali is added, the amines are distilled 
in steam, and the distillate is neutralised with some acid ; the 
mixture of salts is then submitted to fractional crystallisation. The 
platinichlorides and aurichloridcs are often used for this purpose, 
or the sparingly soluble picrates (p. 486) afforded by most amines. 

The solution which contains the quaternary hydroxide is neutral- 
ised with hydrochloric acid and evaporated to dryness ; the tetra- 
alkylammonium salt may then be separated from the alkali salts 
by extracting the residue with alcohol. 

llinsberg’s method for the separation of amines is given later 

(p. 228). 

Primary amines only may be prepared by Hofmann’s second 
method (p. 214), namely by the decomposition of the amides with 
bromine and potash ; also by the following reactions : 

An oxime (or a phenylhydrazone) is reduced with zinc dust and 
acetic acid, or with sodium and alcohol, 

(CH 3 ) 2 C:N • OH + 4H = (CH 3 ) 2 CIINH 2 +H 2 0. 

An alkyl cyanide (p. 360) is reduced with zinc and sulphuric acid, 
or with sodium and alcohol, 

CH 3 CN+4H = CH 3 CH 2 NH 2 . 

A nitroparaffin is reduced with stannous chloride and hydrochloric 
acid, or with zinc and an acid, 

C 2 H 6 -N0 2 +6H = C 2 H 5 • NH 2 +2H 2 0. 
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The last three methods are similar in that each consists in the 
reduction of a compound in which carbon and nitrogen are directly 

united. 

The solution of the product is made strongly alkaline, and t e 
liberatedbase is W in steam, and collected m Mmchlon 
acid ; the solution is then evaporated to dryness, and the hydro 
chloride is distilled with powdered caustic potash. 

Secondary amines may be prepared by treating a primanr base 
(obtained by one of the methods jus. given) wt.h the theomt ca 

quantity of an alkyl halide and gently warming the J™* ‘ 
necessary ; the base is then liberated by the additton of an excess 

° f T^tlary amines are prepared from secondary bases in a similar 
manner. It is thus possible to obtatn am.nes contarn ng two or 
more different radicals and of known structure ; from the ternary 
bases quaternary salts are formed by dtrect combtnat.on with 

^identification of Antines. In order to find out 

amine is a primary, secondary, or ternary base, Hof "' an " s “ rby 

amine reaction is first tried. If this test gives no resu , he base is 

dissolved in hydrochloric acid and a saturated aqueou f “ tr“l 
sodium nitrite is gradually added ; the separation o . ^ neutra 
nitrosoamine (which can be further characterised by L.ebermann 
reaction) proves the presence of a secondary amine A . ern y 
base does no. give either of these reactions and unlike primary 
and secondary amines, does not react with acid chlorides. 

As most amines are liquid, and a de.erminanon .h^bodmg- 
point may not afford sufficient evtdencc o the base j nt o 

the compound, it is generally necessary o identified by its 

some crystalline derivative which can , , / 514 ) or 

melting-point ; for this purpose the acetyl, 

/>-toluenesulphonyl derivative (P- 2 ) y 4R ,v . analysis 

platinichloridc, aurichloride. or p.crate (see P 486) ™ 

of the platinichloridc or aurichloride may also be made if ncccss ry 

Amino-Acids and their Derivatives 

already ^3£ 
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from the rest of the molecule, inasmuch as all amides are hydrolysed 
more or less rapidly by boiling aqueous alkalis, giving ammonia 
and an alkali salt of the acid ; in the latter, however, the amino- 
group resists the action of alkalis, and can only be removed easily 
by the action of nitrous acid. Another important difference between 
these two classes of compounds is that, whereas the amines are 
strongly basic and form very stable salts, the amides are only very 
weak bases, and, although they form salts with strong acids, their 
salts are very unstable ; for this reason and because they show a 
neutral reaction to litmus, amides are not generally regarded as 
bases. 

These facts afford another good illustration of the manner in 
which the properties of a given group may be modified by the other 
atoms or groups in the molecule (compare pp. 46, 143, 164). 

Now, just as the halogen atom of an alkyl halide, or an acid 
chloride, may be displaced by the — NH 2 group, so may the halogen 
atom of a substituted acid, such as chloroacetic acid ; when, for 
example, chloroacetic acid (p. 179) is dissolved in concentrated 
ammonia at ordinary temperatures, it gives the ammonium salt of 
aminoacetic acid. 

CH.Cl-COOH+3NH«-OH = NH,-CH t -COONH«4-NH l Cl4-3H t O; 

in this and similar reactions secondary compounds, etc., are not 
usually produced. 

Glycine, aminoacetic acid , CH 2 (NH 2 )-COOH, can be prepared 
from its ammonium salt as described below ; it is found in certain 
animal secretions, usually in combination. As hippuric acid or 
bensoylglycine, C 6 H, CO NH.CH 2 COOH (p. 512), it occurs in 
considerable quantities in the urine of the horse, and it may be 
obtained, together with benzoic acid, by heating hippuric acid with 
hydrochloric acid, 

C g H s • CO • NH • CH a • COOI I f 1-1,0 + HCl = 

C.H»-COOH I IIC1, NH.-CH.-COOH. 

Glycine crystallises from water in prisms, and melts indefinitely 
at about 256 with decomposition ; it has a sweet (Gr. glykos ) 
taste, is readily soluble in water, and its aqueous solution gives with 
ferric chloride a deep-red colouration. 

Glycine contains a carboxyl group, and, therefore, has the pro- 
perties of an acid ; but it also contains an amino-group, which, like 
that in methylamine, confers basic properties. The result is that 
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glycine is neutral to litmus, but forms salts with bases or with acids 

k ^characteristic derivative is the copper rail, which is obtained by 
boiling cupric hydroxide with a strong, aqueous solut.on ot 
acid or of its ammonium salt , 

2NH,- CH,- COONH.+Cu(OH), = (NH,- CH,- C00),Cu+2NH,+2H,0 ; 

it crystallises in deep-blue needles. The acid is isolated 1 by passing 
hydrogen sulphide into the aqueous solution of this salt, tittering 

from copper sulphide, and evaporating to dryness. ^ 

Glycine hydrochloride, HC1, NH 2 CH 2 - , hvdro- 

CirNH *CH.*COOHl, is produced by dissolving glycine i y 

S" decomposing hippuric acid -th hydrochloric 

acid ; it crystallises in needles, and is readily soluble m water- 
Towards nitrous acid, glycine behaves like a primary am me us 
amino-group is displaced by hydroxyl, and glycolhc acid (p. 266) 

is formed, 

CH,(NH,)C00H+HN0 2 = CH,(0H).C00H + N 2+ H 2 0. 

Other amino-acids, such as alanine or a-aminopropionm add, 
CH 3 ■ CH(NH 2 ) ■ COOH, may be prepared rom the correspondi , 

halogen acids by the action of ammonia , they y 

glycine in chemical properties, and when treated with mtrous^ac^ 

they yield the corresponding hydroxy-acids (p. 26 )• j 

animals (apart from fat) consists almost entirely of compounds 

produced from amino-acids (p. 616). 

ammonium carbamate, NH 2 * • i : s one of the 

combination of carbon dioxide and ammonia and is 

components of commercial ammonium car on • , (because of 
The esters of aminoformic acid arc termed urethanes 

their relation to urea) or alkyl carbamates. 

Urethane or ethyl carbamate, NH,-COOC,H # . may nc p 
paged" tingdic'hyl carbonate or ethyl chloroforms, c (p. 262, 

with ammonia at ordinary temperatures, 

CO<gg-H; + N H , - CO<gH. Hi+ C,H s OH 

co< oc 1 h 1 +2NH ' - co <oc,h. + nh ‘ c1 - 
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It is a volatile crystalline compound, melting at 50°, and when 
heated with ammonia it is converted into urea and alcohol, 

co< oc 2 h 6 +nh 3 = co<nh|+c 2 h s oh. 

It is readily soluble in cold water and is decomposed by boiling 
alkalis giving ammonia, ethyl alcohol, and a carbonate. 

Methylurethane, CHj-NH-COOEt, obtained by treating di- 
ethyl carbonate, or ethyl chloroformate, with methylamine, boils 
at 170°. 


The Ascent and Descent of a Homologous Series 

A member of any homologous series may be transformed into 
the next higher or next lower homologue, a process which is com- 
monly spoken of as ‘ passing up ’ or ‘ passing down ’ the series, as 
the case may be. As most of the reactions involved in such trans- 
formations have now been described, some examples are given 
below of how these changes may be accomplished. 

A given fatty acid may be transformed into the next higher 
homologue in the following manner : The calcium salt of the acid 
is heated with calcium formate, and the resulting aldehyde is con- 
verted into the corresponding alcohol by reduction ; the alcohol is 
then transformed into the iodide, the latter is treated with potassium 
cyanide, and the resulting cyanide is hydrolysed with alkalis or 
mineral acids, 


CH 3 . COOH CH 3 CHO ch 3 ch 2 oh ch 3 ch 2 i 

Acetic acid ► Acetaldehyde ► Ethyl alcohol ► Ethyl iodide > 

CH 3 C1I.,CN CH 3 -CH 2 COOH. 

Ethyl cyanide ► Propionic acid 

The cyanide may be converted into the acid in another way ; it is 
irst reduced to the amine, the amine is converted into the alcohol, 
and the latter is oxidised through the aldehyde to the fatty acid, 

C E,lviS a H -H CN CH 3-CH 2 -CH 2 .NH 2 ch 3 -ch 2 -ch,-oh 

yl cyanide ► Propylamine ► Propyl alcohof 

ch 3 ch 2 cho ch 3 cii.,cooh. 

Propionaldchydc ► Propionic acid 

Alternatively the cyanide may be reduced to the aldimme which 
is hydrolysed to the aldehyde, and the latter is oxidised, 

CI f,k? H2 m CN CH 3' ci, j'CH:NH CH 3 CH 2 CHO 

Ethylcyan.de ► Propionaldimine ► Propionaldchydc ► 

CH 3 CH 2 -COOH. 

Propionic acid 
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In the above sequences the required additional carbon atom is 
obtained by substituting -CN for a halogen atom, but it ma> also 

be gained from carbon dioxide, 

RX — R • MgX — . R ■ COOMbX — 

RCHO ► R-CHj-OH -RCH,X. 

The series may also be ascended in wo steps at > 'i^ by treatmg 
the alkyl halide, R CH.X (obtained torn the ^ R-COOH^i* 
the sodium derivative of diethyl malonate tor ethyl a “'° a “' ate) ' 

R CH.X— .R CH,-CH(COOH),- * R-CH.-CH.-COOH, 
or a Grignard reagent may be treated with ethylene oxide, 

RX *■ R-MrX * R*CH,-CHi*OH *■ R-CHs'CH,X. 

A given fatty acid may be transformed into the nex lover 
homofogue in the following manner: The : acid ts “" v . 

its amide, and the amide is treated w.th bromtne and potassmm 

hydroxide in aqueous solution ; the resulting a ^ij. hvde to 
into the alcohol, which is then oxidised, through the aldehyde, 

the fatty acid, T , X1T » 

CH 3 -CH 2 COOH CII 3 • Clio • CO^NHo CI ^ ? ne _J> 

CH CH OH CII3 CIIO CH3 COOH. 

v^rl 2 wn J n - , ► Acetic acid 

Another iS&rf passing down the series of fatty acids has 

^^ince^theTvarious^pcs"^^ compounds shown above are convertible 

on! into the oZby^he reactions indicated any homo ogmrs sen 

may be ascended or descended by such methods. A ' 
employed in these transformations ar c most important general 

reactions , which should be carefully studied. 

SUMMARY AND EXTENSION 
Amines are derived from ammonia by the ^placernen.^one, 
two, or three hydrogen atoms by alkyl groups. produced. 

R.NH„ secondary, R.NH .and ammonia,,,, 

Compounds of the type NR 4 R , such , tetra-alkyl or 

NMe 4 (CH,.C 8 H 8 ), have also been P«pared. ™ from 

quaternary bases, R 4 N-OH, may e ret ■ as derived 

ammonium hydroxide, and a salt of any type of amine, 

from an ammonium salt ; formulae sue 1 as 

[R.NHJC 1 , [R-NH»]*PtCl*, [R-NKJAuCIj. etc ^ 
represent their structures more accurately than R-N *. 

Org. 8 
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but the salts of halogen acids are still called hydrochlorides, etc., 
instead of chlorides, etc. 

Nomenclature. The name of an amine shows each radical which is 
combined with the nitrogen atom and when two or more are identical 
this is shown by a prefix, as for example diethylamine, (C 2 H 3 ) S NH, 
dimethyl e t hyl a mine, (CH 3 ) 2 (C 2 H 6 )N ; similarly in the case of 
quaternary compounds, such as methylethylpropylbutyl ammonium 
hydroxide, (CH 3 )(C 2 H 5 )(C 3 H 7 )(C 4 H 9 )N *OH, and tetramethyl am- 
monium hydroxide, (CH 3 ) 4 N • OH. The name therefore shows the 
structure of the compound. The termination ine is used for all 
organic bases. 

Homology and isomerism. Although the amines form a homologous 

series, CH 3 -NH 2 , C 2 H S *NH 2 , C 3 H 7 -NH 2 , and so on, of the general 

formula, C„H 2fl+3 N, it is not convenient to consider them in this way, 

owing to the great differences in properties which may be shown by 

isomerides. Thus the formula of the second member of the series, 

C 2 I I 7 N, would represent cthylamine and dimethylamine, and the third, 

C 3 II,N, would comprise all three types of amines, namely n- and 

iso -propylamines, mcthyletliylamine and trimethylamine : isomeric 

members of the scries, therefore, might have little in common, except 

their basic properties, and show a much greater diversity in their 

reactions than is usually met with in other cases of homologues. 

reparation. (1) Alkyl halides, usually, however, only the primary 

compounds, are heated with alcoholic ammonia. In this way mixtures 

of the three classes of amines, together with the quaternary compounds, 

may be obtained and the products may be isolated by the methods 
given (pp. 220, 228). 


( 2) Compounds containing nitrogen directly united with carbon 

• • f- UCt , ' Slt nascent hydrogen (an appropriate reducing agent 
is indicated after each equation), 

CHj- NOj+6H = CH 3 *NH t +2HjO,(Zn+HCl) 

CH S -CH.-CN+4H = CH 3 CH 2 .CII s NH 2 .(Na+EtOH) 
(CH 3 ) 2 C :N .OH + 4H « (CIIjIjCH • NHj+IIjO, (NaHg+CH^COOH) 

CH a CH:N-NHC,Hj+4H = 

CHj-CH 2 - NHj+C*H 4 -NH|,(NaHg4-CjH 4 0i). 

and ihc-nrodn T ^ Phthalimide (p. 522) is treated with an alkyl halide 
and the product is hydrolysed with acid or alkali (Gabriel), 

CO 

c a H 4<co> N * c i H s+2KOI-I - C,H,(COOK) I +C ! H I NH,. 

(4) Amides are treated with bromine and potash. 

CH s -CO.NH,+Br,+4KOH - CH I -NH 1 +2KBr+K I CO J +2H,0. 
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(5) Acids, or anhydrides, are treated with hydrazoic acid and 

sulphuric acid (Curtius), 

R.COOH+N 3 H = R-NH*+C0 2 +N 2 . 

(6) Alkyl isonitriles (carbylamines) are hydrolysed with dilute ac.d, 

C 2 H 6 -NC+2H i O = C,H»-NH,+H-COOH. 

(7) Alkyl carbimides (isocyanates) are hydrolysed with alkali, 

CH 3 • N :CO +2KOH = CH 3 NH t +K a C0 3 , 

or isothiocyanates with acids, 

C s Hs-N:CS+2H a O = C.H.NH.+CO.+H.S, 

(8) p-Nitroso-derivatives of tertiary aromatic amines (p. 451) are 

heated with alkalis, % mij 

NO • C 8 H*-N(CH 3 ) a +KOH = NO-C 6 H«*OK+( 3)2 ■ 

. , t \(\X\ ic treated with an alkyl halide 

(9) Sodium cyanamide (p. 363) is treat 

and the product is hydrolysed with acids °r alkalis, 

NNa,-CN — . NR.-CN — NR, COOH — NR,H. 

(10) Alkali metal salts of the £ h ydroI£X 

amines are heated with alkyl halides and the products arehydr 

NRN.-SO.-R' — NRR'-SO,-R' — NHRR - 

Methods (2), (3). (4), (5), (6) and (7) give rise to pn^ry ammes 

only, (8), (9) and (10) to second.^ ammea on ^ ch]oridc 

The three mcthylammcs can be prepared j can be 

‘"C«. Properties. Th,= £ £££ r', 

CS l£Z£ e^slble in 7 -^ing a,^une — 
The quaternary hydroxides are usually solids and 

^Chemical Properties. (1) In aqueous f^^'oH^^Hor 
ammonia exist as very unstaWe hydrowdes NR^I halidcS , 

an alkyl radical), with acids, they form sate. VV« > ines 
primary amines give secondary bases and these give j 

the latter form tctra-alkyl ammonium salts. 

(2) With chloroform and alcoholic potash primary anun 
give carbylamines. 

(3) With nitrous acid primary ^i"^ 1 ^i^cs °mcrel y form a 

secondary amines a mtrosoamine , *y 

salt. 
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(4) With acid chlorides (or anhydrides) primary and secondary 
amines form substituted amides, while tertiary amines are unchanged, 

C s H 5 • NH a + CH S • COC1 = C 2 H 5 -NH-C0CH 3 +HC1, 
(CH 3 )jNH+C 8 H 5 -SO s C 1 = (CH 3 ) t N • S0 2 • C S H 8 +HC1 ; 

the solid amides are frequently used in the identification of (liquid) 

amines. # # 

The benzenesulphonyl (or p-toluenesulphonyl) derivatives (p. 475) 

serve for the identification and separation of the three classes of 
amines (Hinsberg’s method). Tertiary amines are not changed by 
the sulphonyl chlorides and remain soluble in dilute aqueous acid (or 
water), whereas primary and secondary amines give sparingly soluble 
sulphonyl derivatives : those of primary amines are soluble in caustic 
alkalis, forming salts, NRNaSOj-R', but those of secondary amines 
are neither basic nor acidic. The two sulphonyl derivatives, therefore, 
are easily separated from the tertiary base and from one another, and 
are then hydrolysed, usually with concentrated hydrochloric acid, in 
order to regenerate the amines. 

A tertiary base may generally be separated from a secondary base 
by converting the latter into its nitroso-derivative and extracting this 
neutral product from the acid solution with ether ; the tertiary base 
is then liberated with potassium hydroxide and distilled in steam, 
whilst the secondary base may be recovered by decomposing the 
nitroso-derivative with boiling hydrochloric acid, 

(CjH 6 )N-N0+H 2 0 = (C s H 5 )*-NH+HO-NO. 

Before the advent of the electronic theory of valency, it was 
assumed that the valency of nitrogen, like that of phosphorus, arsenic, 
etc., was three, as in ammonia and the amines, or five, as in the salts 
of these bases, and in the nitro-compounds ; in either case all the 
valencies were represented in the same way by a single line or bond. 
According to present views, the bases are represented by formula (i) 
and their salts by (n), where R is hydrogen or a univalent hydrocarbon 
radical. In the former all the bonds arc co-valent ; in the latter only 
four of the bonds are co-valent, and the complex so formed is united 
to X (an acid ion or — OH) by an electro-valency as indicated : 



The great difference in basic strengths between the amines and the 
quaternary hydroxides might be explained as follows : the latter have 
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structures as II (X = OH) and are strong electrolytes whereas amines 
can combine with water by hydrogen bonding (p. 48 ), 

R 3 N . . • H-O-H, 

a form of union impossible in the quaternary hydroxides, but 
apparently preferred by the amines. 

ma^rtd #£ 

hydrolysis o( gelatin, or, best, from ammomum chlor.de, formal 
dehyde, and sodium cyanide. 

NaCN+NH.Cl+2HCHO ■= CH,:N CH 1 -CN‘+NaCl+2H,0. 

The methylauammoaatomtrUe ' thus formed is then hydrolysed, 

CH,:N.CH,.CN+H,O + H,S0. - H " S0 *’ NI l^"-;^ N q + o C "‘ 0 i ; 
H^O^NHt-CHj-CN+BafOH), = NH,-CH,*C001 1 a . 

Glycine, and amino-acids in general show ^ 

and of amines (p. 617) ; when strongly heat ^ d ' V t , * S °f v a c Wmayi 
give amines, and when treated w.th mtrous ac.d they g.ve hydro y 

acids. . 

i The molecular formula of methyleneaminoacetomtr.le is 

(CH,:N-CH,'CN),. 
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ORGANIC COMPOUNDS OF PHOSPHORUS, ARSENIC 
AND SILICON AND ORGANO-METALLIC COMPOUNDS 

Organic Derivatives of Phosphorus and Arsenic 

The hydrogen atoms of the hydrides of phosphorus and arsenic, 
like those of ammonia, may be displaced by hydrocarbon radicals. 
The principal alkyl compounds of these elements correspond with 
the tertiary amines, and have the compositions, PR 3 and AsR 3 , 
respectively, but primary and secondary phosphines and arsines are 
also known. 

Primary and secondary phosphines may be obtained by heating 
the alkyl iodides with phosphonium iodide in the presence of zinc 
oxide ; ethyl iodide, for example, gives salts of ethylphosphine and 
diethylphosphine , 

2PH,l+2C 2 H 5 I+ZnO = 2PH,C 2 H 5 ,HI+ZnI 2 +H 2 0, 

PII 4 I+ 2C 2 H 5 I + ZnO = PH(C 2 H 5 ) 2 ,HI+Znl 2 +H 2 0. 

Tertiary phosphines, such as trietliylp/iosphine , are not produced 
under the above conditions, but may be prepared by heating the 
alkyl iodides with phosphonium iodide alone. The tertiary phos- 
phines combine with alkyl iodides, forming salts of quaternary 
bases, such as tctraethylphosphonium iodide , 

P(C,H 5 ) 3 +C 2 H 5 I = P(C 2 II 5 ),I. 

With the exception of methylphosphine , PH 2 -CH 3 , a gas, the phos- 
phines arc very unpleasant-smelling, feebly basic liquids which 
oxidise (and sometimes take fire) on exposure to the air ; tertiary 
phosphines are thus converted into stable oxides, such as triethyl- 
phosphine oxide, P(C 2 H 5 ) 3 0. 1 Salts of the tctra-alkylphosphonium 
compounds, such as tctraethylphosphonium iodide, P(C 2 Hj) 4 I, on 
treatment with moist silver oxide are converted into quaternary 
phosphonium hydroxides, 

P(C 2 Il s ) 1 l T-Ag-OH = P(C 2 H 6 ) 4 -OH +Agl. 

These compounds have a strong alkaline reaction, readily absorb 

1 Tertian.- amines give oxidation products, RjN(OH)|, on treatment with 
hydrogen peroxide. 

230 



ORGANIC COMPOUNDS OF PHOSPHORUS, ETC. 


231 


carbon dioxide, and dissolve freely in water; they are, in fact 
similar in properties to the hydroxides of the alkali metals, and their 
salts are much more stable than the phosphine salts (many of which 
are almost completely hydrolysed by water) just as those of the 
corresponding tetra-alkylammonium bases are more stable than 

those of the amines. 

Tertiary arsines are obtained by treating arsenious halides with 
the Grignard reagents (p. 237) or zinc alkyl compounds (p. 233), or 
by heating the alkyl iodides with sodium arsenide, 

AsBr 3 +3CH 3 -MgI = As(CH 3 ) 3 + 3MgBrI, 
2AsCl 3 +3Zn(C 2 H 5 ) 2 = 2As(C,H 5 ) 3 +3ZnCl t , 
AsNa 3 +3CH 3 I = As(CH 3 ) 3 +3NaI. 

Triethylarsine, As(C 2 H 5 ) 3 , is a very unpleasant-smelling, highly 
poisonous liquid, and is only sparingly soluble in water - it fume 
in the air and takes fire when heated, but docs not gnite spon 
taneously It differs from the amines in being a neutral compound, 
and like Y hydrogen arsenide, it does not form salts with acids, bu 
it combines readily with alkyl iodides, forming salts of quaternary 

ar ionium hydroxides , 

As(C 2 H 5 ) 3 +C 2 H 5 I = As(C 2 H 5 ) 4 I. 

Tetrae.hylarsonium iodide, As(C,H„).I, i^ crystalline an^l.ke 
other quaternary salts, it reacts with stiver ox.de and gtves 
ethylarsonium hydroxide, 

As(C 2 H 5 ) 4 I + Ag • OH = As(C 2 H 6 ) 4 • OH + Agl . 

This substance is a strongly basic hydroxide, like the correspond- 
ing derivatives of nitrogen and phosphorus. 

The tertiary arsines resemble dte tertiary 
undergoing oxidation on exposur ' _ 

oxides, such as triethylarsine oxide, As(C.H S ) 3 U. 

or organic arsenic compounds, ay, = -“ld by 

^ch vobtile arscni^cornpounds evolved from wa^aper or p, aster 

(containing arsenic), which has been attacked by moulds 

Dimethy,arsineoxide,(CHa),^'O^A^CtI,)i ( cacodyloMdeh 

and its derivatives were investigated by Bunsen aoou 
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are of historical interest. The oxide is formed by heating a mixture 
of equal weights of arsenious oxide and potassium acetate, 

As 4 0 # +8CH 3 - COOK = 2As 2 (CH 3 ) 4 0 +4K 2 C0 3 +4CO*. 

It is a liquid (b.p. 150°), insoluble in water, has an intensely 
obnoxious smell, 1 and is extremely poisonous ; the crude product 
obtained as above is spontaneously inflammable owing to the 
presence of cacodyl, but the pure compound is not. In chemical 
properties cacodyl oxide resembles the feebly basic oxides ; it 
has a neutral reaction, but forms salts, such as cacodyl chloride , 
As(CH 3 ) 2 C1, and cacodyl cyanide, As(CH 3 ) 2 -CN. 

When cacodyl chloride is heated with zinc in an atmosphere of 
carbon dioxide, it yields cacodyl or tetramethyldiarsine , 

2As(CH 3 ) 3 Cl+Zn = As(CH 3 ) 2 - As(CH 3 ) 2 +ZnCl 2 , 

which, like the oxide, is a very poisonous liquid (b.p. 170°), and 
has an intensely disagreeable smell ; it takes fire on exposure to 
the air. 

Cacodylic acid, (CH 3 ) 2 AsOOH, a crystalline, odourless sub- 
stance, is formed when cacodyl oxide is oxidised with mercuric 
oxide, 

As(CH 3 ) 2 > ° + 2H 8° + h ».° “ 2(CH 3 )*AsO • OH +2Hg. 

The preparation of these and other substances containing the 
group, (CH 3 ) 2 As — , by Bunsen, was one of the very early investiga- 
tions which led to the use of the term (compound) radical, to denote 
a group of atoms which remained unchanged in the course of a 
series of reactions. 

Lewisite, CIIChCH- A sC 1 2 (b.p. 190°), prepared from acetylene 
and arsenic trichloride in the presence of aluminium chloride, is a 
poison gas, as are also the compounds, methyl and ethyl arsenious 
dichloridcs, AsCH 3 Cl 2 and AsC 2 H 5 C1 2 . 

Organic Derivatives of Silicon 

Organic derivatives of silicon, which correspond with some of 
the more important types of carbon compounds, are known — 
for example, the silicohydrocarbons, SiR 4 , the silicyl chlorides , 
SiR 3 Gl, the (tertiary) silicols, SiR 3 OH, and the oxides, (SiR 3 ) 2 0. 
Of these related types the silicohydrocarbons are very similar to 
the hydrocarbons in general behaviour ; but in the case of com- 
pounds in which the silicon atom is directly united to a halogen, or 

1 The name cacodyl is derived from the Greek cacodes, stinking. 
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to two oxygen atoms, the silicon derivative and the corresponding 
carbon compound differ widely in properties, and the relationship 
is analogous to that between silicon tetrachloride and carbon tetra- 
chloride, or between silicic and carbonic acids, as the case may be. 

Silicon tetraethyl, Si(C 2 H 5 )„ may be obtained by treating 
silicon tetrachloride with ethyl magnesium bromide (p. 235), ana 
also by heating a mixture of silicon tetrachloride and ethyl bromide, 

dissolved in ether, with sodium, 

SiCl 4 +4C 2 H 5 Br+8Na = Si(C 2 H 5 ) 4 +4NaCl+4NaBr ; 

it boils at 153°, and so closely resembles normal nonane, Cglljn. 
in properties, that it was formerly named siheononane. 

Silicononanc is not acted on by nitric acid or alkahs 

but when it is treated with chlorine it yields 
Si(C.H B ) 3 'C a H«Cl, a liquid, boiling at 185 ; this chloride 

resembles the alkyl chlorides in properties, whereas 
chloride , SiEtaCl, like silicon tetrachloride is rapidly a 
pletely hydrolysed by cold water, giving tncthyhihcol, SxVAyOl 

Certain silicon compounds are now used in the plastics industr> 

(Part III.). 

Organic Derivatives of the Metals 

Many of the metals form alkyl compounds, although their hy- 
drides are unknown. These alkyl derivatives are name ° r 8 
metallic ’ compounds, but there is no sharp diusion >c ue 
and the alkyl derivatives of other elements, just aS _ t ‘ crc ‘ ,, , 

between the metals and the non-metals. , in ac » ‘ 

compounds of elements belonging to the same natura an • 
considered, it will be evident that they show a gradual cha g 
properties, just as do other derivatives of t icsc e omen 
compounds of the elements of the fourth group, for example, such as 

C(CH 3 ) 4 Si(CH 3 ) 4 Sn(CH 3 ) 4 Vb(Cll 3 ) u 

may be divided into two fairly distinct classes , but in tlie 
those of the elements of the fifth group, 

N(CH 3 ) 3 P(CH 3 ) 3 As(CH 3 ) 3 Sb(CH 3 ) 3 Bi(CII 3 )3, 

it is hard to say how many of the last three should he termed organo- 

metallic compounds. . . , „,i.,,i 

Zinc diethyl, Zn(C 2 H 6 ) 2 , is prepared by heating zinc u 

iodide in an atmosphere of carbon dioxide ; the ns j 
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solid, EtZnI, but at higher temperatures a second change occurs, 
and zinc diethyl is formed, 

2EtZnI = ZnEt 2 +ZnI a . 

This is a mobile liquid, boiling at 118°, which takes fire spon- 
taneously on exposure to the air, burning with a luminous, greenish 
flame, and giving clouds of zinc oxide. It reacts vigorously with 
water, yielding ethane and zinc hydroxide, 

Zn(C 2 H 6 ) 2 + 2H 2 0 = 2C 2 H 6 +Zn(OH) 2 , 

and is also decomposed by alcohol, but not so quickly as by water, 

Zn(C 2 H 5 ) 2 +2C 2 H 5 • OH = 2C 2 H 6 +Zn(OC 2 H 5 ) 2 . 

Its behaviour towards halogen compounds and various other 
substances is similar to that of a Grignard reagent (p. 235). 

Zinc dimethyl, Zn(CH 3 ) 2 , resembles zinc diethyl and boils at 46°. 
The zinc alkyl compounds, discovered by Frankland, have been 
of the greatest service in the past in the synthesis of various types of 
organic compounds, of which some examples have already been 
given ; except in the synthesis of ketones from acid chlorides 
(p. 154), their place has now been taken by the Grignard reagents , 
which are far more easily prepared and are not spontaneously 
inflammable. 

Mercuric diethyl, Hg(C 2 H 5 ) 2 , is formed when mercuric chloride 
is treated with zinc diethyl or ethyl magnesium bromide, 

2C 2 H 5 MgBr+HgCl 2 = Hg(C 2 H 5 ) 2 +MgBr 2 +MgCl a , 

and when ethyl iodide is shaken with sodium amalgam, 

HgNa 2 +2C 2 H 5 I = Hg(C 2 H 5 ) 2 +2NaI. 

It is a mobile liquid, of sp. gr. 2-44, and boils at 159° ; it is not 
spontaneously inflammable at ordinary temperatures, does not 
oxidise on exposure to the air, and is not decomposed by water, in 
which it is only sparingly soluble ; both the liquid and its vapour 
are highly poisonous. 

In addition to the di-alkyl compounds, mercury gives derivatives 
of the type, RHgX ; with halogen acids, mercuric diethyl, for 
example, is converted into salts, analogous in some respects to the 
halogen salts of the alkali metals, 

Hg(C 2 Hj) a + HCI = C 2 H 5 HgCl+C 2 H # . 

T hesc salts are also formed by the direct union of mercury and 
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alkyl halides at ordinary temperatures, especially in sunlight 
They react with moist silver oxide, and are thereby converted into 
hydroxides, RHg-OH. These compounds are thick, rustic d.qu. 
readily soluble in water ; they have an alkaline reaction ne “ tra 
acids, liberate ammonia from its salts, and precipitate metallic 

hydroxides from their salts. Here, as in the case of 
nitrogen, phosphorus, arsenic, etc., the substitution of alkyl groups 
for hydrogen (or hydroxyl) is accompanied by a marked mcrcas 
in basic properties ; mercuric (hydr)oxide is a comparatively fteb 

base. 

Lithium , sodium, and potassium also form alkyl derivatives and 
combine directly with various olefines (Part 111.). 

Tin and lead form compounds, such as Sn(C 2 H 5 ), and 
Sn (C 2 Hs)« Pb(C 2 H 5 )* and Pb 2 (C 2 H 5 ) 6 , in which the metal ,s 
quadrivalent ; stannous diethyl, Sn(C 2 H s ) 2 , corresponding uuh 
stannous chloride, is also known. Aluminium gives alkyl com 
pounds, such as A1(CH 3 )3 and A1(C 2 H5)3. 

Lead tetraethyl, Pb(C.H s )„ is of importance owing to its use 

as an anti-knock in petrol engines (p. 68) ; it 15 P /f ^' “dcr 
mercially by heating ethyl chloride with a sodmm-lcad alloy 
pressure It boils at about 85” (13 mm.) and ts poisonous. 

As the alkyl derivatives of many metals, unlike the great majority 
of ^netaUh: compounds, are volatile their molecular weigh s can 
be determined from their vapour densities, and in tl - y « 
valencies of the metals in the compounds may be established. 
Grignard compounds, however, cannot be volatilised. 

Grignard Reagents 

Ethyl magnesium bromide, C,H S — Mg— Br, or EMgBihn’ J 
be described as an example of a Grignard reagent. formed, 

with development of heat, when ethyl bromide is a^e o m g 
nesium in the presence of pure ether ; the metal 

and when the solution is evaporated it give ) ‘ u nd of 

hygroscopic substance, which may be regar e a 

ethyl magnesium bromide and ether, probably of the composition, 

E 'K *oSns in which ethyl magnesium bromide (many 

other Grignard reagent) is employed, it is l,nnc ^, y re t is 
the crystalline compound ; an ethereal solution o R 
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used, and as the ‘ combined * ether appears to play no part in the 
chemical change, it is not represented in the equations for the 
reactions. 

A solution of a Grignard reagent is prepared as follows : Clean 
dry magnesium (1 atom) in the form of powder or turnings is placed 
in a flask provided with a reflux condenser, and is covered with 5-10 
times its weight of pure ether ; a small quantity (1-2 c.c.) of the 
alkyl halide (1 mol.) is then added. If after 1-5 minutes a visible 
reaction sets in, it is then only necessary to continue the addition 
of the alkyl (or aryl, p. 414) halide at such a rate that the reaction 
does not become too violent *, but it is often advisable, and some- 
times essential, to keep the solution at 0 to 10° during the operation. 
If a reaction does not set in spontaneously, the flask is gently 
warmed, or a small quantity of a solution of ethyl magnesium 
bromide, prepared in a test-tube, 1 is poured into the flask ; the 
reaction having been started, the addition of the requisite alkyl 
halide is then continued, and finally, if necessary, the flask is gently 
warmed until all the magnesium is dissolved. 

In order to ensure success, all the reagents and the apparatus 
must be perfectly dry, and the condenser should be fitted with a 
calcium chloride tube ; the ether should have been repeatedly 
shaken with small quantities of alkaline potassium permanganate, 
dried with calcium chloride, treated with sodium, and distilled. 

Ethyl magnesium iodide , EtMgl, resembles the corresponding 
bromide ; methyl magnesium iodide , MeMgl, and propyl magnesium 
bromide , PrMgBr, are also common Grignard reagents ; but in 
addition to those named here, many others are used, more especially 
those derived from aromatic halides (p. 431). 

The principal reactions of the Grignard reagents are of two 
types : (1) Double decompositions, (2) Additions. 

(1) (a) They are decomposed by substances containing reactive 
hydrogen atoms, such as water, alcohols, acids, and primary and 
secondary amines, giving the hydrocarbon derived from the Grignard 
reagent, 

C 2 H 5 MgBr+HOH = C 2 H 6 +MgBrOH, 
CH 3 MgI+EtOH = CHj+Mgl-OEt, 
CH 3 MgI+Et 2 NII = CH 4 +MgINEt a . 

1 Magnesium reacts almost immediately with ethyl bromide (and iodide). 
A trace of iodine may also be used to start the reaction, which, with some 
halides, does not commence readily. 
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With acetylenic hydrocarbons containing the group, — C : CH, 
they give new Grignard reagents, 

C 2 H 5 MgBr+ R • C • CH = C 2 H 8 +RC;C-MgBr, 

which may also be used in the reactions given below. 

(6) They react with the halides of many metals and non-metals 
giving alkyl (or aryl), or alkyl halogen derivatives of the elemen s, 

EtMgBr+SiClj = EtSiCl a +MgClBr, 

EtMgBr+EtSiCla = Et 2 SiCl 2 +MgClBr, 

4EtMgBr+SnBr 4 = Et 4 Sn+4MgBr 2 . 

Compounds of this kind have been obtained from the halides of 
phosphorus, arsenic, antimony, silicon, tin, lead, mercury, thalhum, 
gold, and other elements. 

(c) They react with esters of carboxylic acids to give ke ton's (or 
aldehydes with formic esters), 

RMgBr+R'COOEt - R' CO R+MgBr OEt, 

but it is usually impossible to stop such reactions at this : stag. i and 
to prepare ketones by this method, as the initial products ^undergo 
the further additive change shown below (2) (c) and g -> 

alcohols. 

(2) (a) They absorb oxygen and the products yield alcohols (or 
phenols, p. 478) when they arc hydrolysed, 

RMgBr — ROMgBr — ROII + MgBrOH. 1 

(6) They also absorb carbon dioxide and the products, on 
hydrolysis, give acids , 

RMgBr+CO* = RCOOMgBr — RCOOH + MgBrOH, 

Me,CMgCl + CO, = Me a C • COOMgCl * Me.C-COOII l MgCl OH. 

The ethereal solution is saturated with pure, dry c-bon d.oxiclc; 

or solid carbon dioxide is added, a ; d ac d 

tilled ; the carboxylic acid is liberated with d.lute sulphuric 

and distilled, or extracted with ether. Grignard 

If the initial product is heated with an excess of the 

reagent, a tertiary alcohol may be forme , 

1 In this abbreviation of two equations the reagent is sho\wi abo\t t 

arrow. 
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case are similar to those which occur in the conversion of an ester 
into a tertiary alcohol. 

(c) They give with compounds containing a carbonyl group 
additive products, which on hydrolysis afford alcohols. Formal- 
dehyde gives primary alcohols, 

H.O 

RMgBr+CH 2 0 = R-CHfOMgBr R-CH 2 OH+MgBr-OH, 

other aldehydes give secondary alcohols, 

RMgBr+R'-CHO = RR'CHOMgBr — RR'CHOH+MgBr-OH, 
whereas ketones give tertiary alcohols, 

H,0 

RMgBr+ R' s CO - R' a CR • OMgBr * R' 2 RC • OH + MgBr • OH. 

(d) They combine with oxides of olefines (p. 244) and the products 
yield alcohols on hydrolysis, 

RMgBr+CiH*0 = R-CH^CHj-OMgBr — 

RCH s CH t OH+MgBrOH. 

In the addition reactions shown above the first product is 
hydrolysed by adding dilute acid, and the basic magnesium salt 
(or a mixture of magnesium salt and hydroxide) represented in the 
equations is therefore dissolved as a normal salt. In some cases, 
where the product is sensitive to acids, a solution of ammonium 
chloride is used to dissolve the magnesium hydroxide. 

It will be seen from the above examples that the Grignard re- 
agents are of very great importance, since, with their aid, various 
types of compounds, not easily obtained by other methods, may be 
produced with ease. Thus their value in the preparation of 
secondary and tertiary alcohols, and the olefines, so easily produced 
therefrom, and in the synthesis of alkyl and aryl derivatives from 
all sorts of halogen compounds, can hardly be overestimated. 

A solution of methyl magnesium iodide, prepared with the aid of 
diamyl instead of diethyl ether, is used for the detection and estima- 
tion of OH, NH, and > NH groups (Zerevitinoff ) ; for the 
latter purpose the volume of the liberated methane is measured. 

In 1899 it was found by Barbier that when 2-methylhept-2-en- 
6-one, (CH 3 ) s C:CH-CH 2 - CH 2 -CO-CH 3 , is brought into contact 
with methyl iodide in the presence of magnesium and ether, a 
reaction occurs and 2:6-dimethylhcpt-2-en-6-ol, 

<CH 3 ) e C:CH CH, • CH, • C(OH)(CH,) if 
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can be isolated, after the product has been treated with an acid. 
These observations suggested that methyl magnesium iodide, 
CHjMgl, had been formed and had subsequently reacted with the 
methylheptenone in the same manner as zinc dimethyl was known 

to react with ketones. , , 

As it was also known that zinc dimethyl unites with anhydrous 

ether to form a compound, Zn(CH 3 ) 2 , (C 2 H 5 ) 2 0, Barbier s o sen a 
tions led Grignard, in 1900, to investigate the action of magnesium 
on methyl iodide and similar compounds in the presence ot ether. 
The alkyl magnesium halides which were thus discovered, and 
analogous aryl compounds, are known as the Grignard reagents 
During the preparation of these reagents other products may e 
formed. Magnesium and methyl iodide, for example, give hydrogen 
methane, ethane, and ethylene, whereas the .metal and aryl haldcs, 
RX, give considerable quantities of the hydrocarbon R-R. Atmo- 
spheric oxidation, with the formation of ROMgX may aJso occu 
In many cases the actual preparation of the Grignard rcagen 
unnecessary, and the desired synthesis may be hrought about by 
the method employed by Barbier. It is also possible in ^anycases 
to use zinc, instead of magnesium, a metho w it 1 was 
long ago by Rcformatsky (p. 286) in reactions involving esters of 

halogen carboxylic acids. 

The syntheses with the Grignard reagents are usual y PJ rf ™ n 
by adding the reactant, or a solution of it in .ether, to the U 
solution prepared as already described (p. 236) at such a raa that 
the reaction does not get out of control ; when a c i ion s 
the mixture is heated under reflux, if necessary to complctc the 
reaction, cooled, and poured intodilute sulphuric or hydrochloric 
acid or ammonium chloride solution cooled y t c at usua l 

The ethereal solution of the product is then trea t j 

manner. In some cases, however, the Grignard solution must-be 

added slowly to the solution of the reactant , for exam| . ■ 

latter contains two active groups only one of whic i is o e 
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Glycols 

It has already been shown that a very inert paraffin such as ethane 
may be converted into a much more reactive derivative by the 
substitution of an atom of chlorine for an atom of hydrogen, and 
that this halogen atom may in its turn be displaced by a hydroxyl 
group. The hydroxy-compound may then be transformed into an 
aldehyde, acid, or other substance by further changes in which, 
however, only one of the methyl groups of the ethane molecule is 
concerned, 

ch 3 ch 3 ch 3 ch 3 ch 3 

<Lh 3 ilLCl J:H a .OH luo COOH 

A series of similar transformations may be brought about (often 
indirectly) in the other methyl group, 

CH 3 CHoCl CH 2 OH CHO COOH 

£h 3 J:h 2 ci I:h 2 .oh ino irooH 

and it is thus possible to obtain from ethane and other paraffins di- 
substitution products which show, on the whole, a very close 
relationship with the corresponding mono-substitution compounds. 

The glycols, or dihydric alcohols, discovered by Wurtz in 
1856, afford an example of such compounds ; they form a homo- 
logous series of the general formula, C n H 2n (OH) 2 , and arc closely 
related to the monohydric alcohols. 

Ethylene glycol, 1:2 -dihydroxy ethane, generally called glycol, 
C 2 H.,(OH) 2 , is the simplest stable member of the series ; methylene 
glycol, dihydroxy methane, CH 2 (OII) 2 , is probably present in aqueous 
solutions of formaldehyde, but like other compounds which contain 
the group >C(01I) 2 , it is very unstable. 

Ethylene glycol is formed in small quantities when ethylene is 
oxidised with a cold, dilute alkaline solution of potassium per- 


manganate, 


C 2 H 4 +H 2 0+0 = C 2 H 4 (OH) 2 . 
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It may be prepared in the laboratory by heating ethylene dibrom.de 
with dilute aqueous alkalis, or alkali carbonates, the change winch 
occurs being similar to that which takes place in the formation of 

ethyl alcohol from ethyl bromide, 

C 2 H 4 Br 2 +2KOH = C,H 4 (OH)*+2KBr. 

For this purpose potassium carbonate (37 g.) is , d j ssol ™ d £ 
water (250 c.c.), ethylene dibromide (50 g.) is addc , 
mixture is boiled in a flask provided with a reflux condenser, 
“l" oily dibromide is slowly converted into ethylene^ glycol, 

which passes into solution, so that the chan 8 so]ut ion 

complete when globules of oil are no longer visible lhcso\uuon 

extracted SiA a.cohohc ether (which 

On the large scale glycol is obtained by the hydrolysis of eth>lene 
dichloride o^f^hlorohydrin (p. 243), or by heating ethylene ox.de 
(p. 244) with water containing a trace of mineral au . ^ 

Ethylene glycol is a I Ld is miscible with 

r.'assa.'i. - “s,, 1 ' r; 

with sodium at ordinary temperatures, y.cWjng 

of°hyd^en;i°his product is then heated ^.sodium , hydrogen 

is again evolved, and disodium glyco , . a - those of the 
formed These sodium derivatives arc very simil. • 

monohydric alcohols ; they arc crystalline and hygroscop.e, and are 

readily decomposed by water, 8 ivin 8 8 . wit h sodium, 

From its methods of formation and its bch. groups, 

it seems that the molecule of glycol contains ^~. X> ^uld be 
It might be expected, therefore, that g >co 1 c ‘ giving di- 

attacked by the chlorides and bromides o P * , js 

halogen compounds; this is, in fact, t c caSC * , ; nto ethylene 
treated with phosphorus pentachloridc it is com yields the 

dichloride, whereas with phosphorus pentabrom.de it >,clds 

dibromide, __ 01 , T s 2 

C 2 H 4 (OII) 2 +2PBr 5 = C 2 II,Br 2 4-2I OBr 3 4-2HB . 

1 If the solution is boiled, a considerable quantity of the glycol escapes 

with the 6tcam. 

2 Compare footnote, p. 108. 



242 DI-, TRI-, AND POLY-HYDRIC ALCOHOLS 

Again, it has been shown that hydroxy-compounds react with 
acetic anhydride and with acetyl chloride, so that if glycol contains 
two hydroxyl groups it should be converted into a <fr-a cetyl 
derivative ; this prediction is also confirmed, since ethylene diacetate 
(glycol diacetate, second footnote, p. 243) is obtained when glycol 
is heated with acetic anhydride, 

C 2 H.,(OH) 2 + 2(CH 3 • C0) 2 0 = C 2 H 4 (0C0CH 3 ) 2 +2C 2 H 4 0 2 . 

Ethylene diacetate, b.p. 187°, is also formed when ethylene dibromide 
is heated with silver acetate, 

C 2 H 4 Br 2 + 2CH 3 • COOAg = C 2 H 4 (OCOCH 3 ) 2 +2AgBr, 

just as ethyl acetate may be produced from ethyl bromide ; it is 
hydrolysed by boiling alkalis, yielding ethylene glycol, which was 
first obtained by Wurtz in this way. 

Glycol is used as an anti-freeze in motor radiators, as a cooling 
liquid in aeroplane engines, for de-icing aeroplanes, and for 
the preparation of polyethylene glycols and other compounds 
(p. 368). 

When nitrated, together with glycerol, glycol gives ethylene 
dinitrate, the presence of which lowers the freezing-point of the 
glyceryl trinitrate and makes the latter safer to handle in cold 
w f eathcr (low-freezing dynamite). 

Polyethylene glycols. Ethylene glycol, like methylene glycol 
(p. 136), gives a whole scries of condensation products, known 
as the polyethylene glycols, such as, for example, dicthylene 
glycol, HO • CH 2 • CHj ■ O • CIIj • CII : • OH , and hexaethylene glycol , 
HO • CH 2 • CH 2 • 0[CH. • CH 2 • ■ CH 2 • CH 2 • OH. 

These hydroxy-ethers are formed when glycol is heated at 115- 
120° with ethylene dibromidc or ethylene oxide, and are com- 
mercial solvents. 

Constitution of Glycol. The facts already stated show clearly that 
the molecule of glycol contains two hydroxyl groups, and since it 
is formed from ethylene dibromide, which has the constitution, 
CH 2 Br- CfloBr, by a simple process of substitution, it must be 
represented by the formula, HO CII 2 CH 2 OH. 

Very strong confirmatory evidence that the molecule of glycol 
consists of two CII 2 • 01 1 groups is provided by its behaviour on 
oxidation with nitric acid ; each of these groups is changed first 
into — CIIO and then into — COOH and the following products 
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can be obtained (but it is not easy to stop the reaction at an inter- 
mediate stage), 


CH 2 OH 

I;ho 

Glycollic 
aldehyde 1 


CIV OH 

toon 

Glycollic 

acid 


CIIO 

1:ho 

Glyoxal 


CIIO 


OOH 

Glyoxylic 

acid 


COOII 

ioon 

Oxalic acid 


w 

The more important of these compounds are described later. 

It will have been seen from the above account of glycol and a 
few of its derivatives that as soon as the structure of a compound 
has been established from some of its methods of formation and a 
few of its reactions, its general behaviour may be predicted. 

The recognition and application of this fact are very important 
aids to the study of organic chemistry, because many of the radic. 
of known behaviour will be encountered over and over again in die 
compounds still to be studied and will thus a or tmpor ^ 
tions of the properties of the new compounds in w nt i . J j 

It must be emphasised, however, that chemical behaviour s gove 
by the structure of the molecule as a whole ; consequently is only 
in the case of strictly analogous molecu es that dcpcnJaWe con 

elusions can be drawn. The presence of two iy l °*> 
the molecule of glycol, for instance, makes possible it* co ^ 
into ethylene oxide (below), a new react.on which could not have 
been predicted at this stage. On the other hand the 
propylene oxide (p. 245) might have been foretold as soc . 

of ethylene oxide had been established. . 

Many new reactions have st.ll to he s.uthed before conclustons 
based on analogy can be accepted with confidence. . 2 . 

Ethylene chlorohydrin, fi-chloroethanol (g ycd ^ 
CH,Cl.CH 2 .OH, is formed when hydrogen chlor.de » P 
glycol, heated at about 100°, and is prepared commeru y y 
treating ethylene with chlorine water, 

C 2 H 4 + HOC1 = CIIXICIUOII, 

or ethylene oxide with hydrogen chloride. 

It boils at 129° and gives ethylene dichloride when it is heated 

1 This, the first oxidation product of glycol, is J l j| a,ntd by Ui ‘ nR 
hydrogen peroxide in the presence of a ferrous sa p. 

1 Although still used this is an ill-chosen name. 
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with hydrogen chloride. It shows in other respects reactions which 
might be predicted from its structure, but when treated with alkalis 
in the cold it is converted mainly into ethylene oxide , an isomeride 
of acetaldehyde, and not into glycol as might have been predicted, 

CH 2 C1 ch 2V 

I +KOH = I /O+KCl+H.,0. 

CH 2 OH CH/ 

Ethylene oxide, C,H,0, is prepared on the large scale, either 
from ethylene chlorohydrin, or more directly by oxidising ethylene 
with air in the presence of a catalyst of silver at 350-450°. It boils 
at 13-5°, and combines directly with many simple hydrogen com- 
pounds ; in this process one of the carbon-oxygen links is broken, 
a hydrogen atom of the reagent unites with the oxygen atom, and 
the rest of the reacting molecule combines with carbon. Thus 
with H— OH, H— Br, H— CN, H— OEt, H — OCOCH 3 , and 
H — NH 2 , the following compounds, respectively, are formed : 

Glycol , ajS-dihydroxyethane H — O • CH a • CH 2 — OH 

^-Bromoethanol, ethylene bromohydrin H — O • CH 2 • CH 2 — Br 
j9-Cyanoethanol, ethylene cyanohydrin H — OCH 2 -CH 2 — CN 
/3-Hydroxyethylethyl ether H— O • CH 2 • CH,— OEt 

Monoacetylglycol , glycol monoacetate H — O • CH 2 • CH, — O Ac 
/3-Hydroxyethylamine, ethanolamine H — O • CH 2 • CH 2 — NH 2 

With ammonia, diethanolamine, NH(CH 2 CH 2 OH) 2 , and tri- 
ethanolamine, N(CH 2 CH, OH) 3 , are also formed. 


Some of the above are important commercially. /3-Hydroxy- 
ethylethyl ether (glycolmonocthyl ether), known as cellosolve and 
diglycolmonoethyl ether ( carbitol ) are used as solvents for lacquers, 
etc. Ethylene oxide is used as a fumigant and insecticide. 


CH • CH 

0<c£.ch !>0, prepared by treating ethylene oxide 


with alkalis, boils at 102°, and is used as a solvent, although it is 
poisonous. 


Homologues of glycol, aft- Propylene glycol, 1:2 -dihydroxy- 
propane, CH 3 -CH(OH) CH,-OH, may be obtained by the applica- 
tion of suitable general reactions already studied, to propane or 
propylene. 1 hus, propane might be converted into propyl or 
isopropyl chloride, either of which would yield propylene, and from 
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the olefine the dibromide and then a/3-propylene glycol could be 
produced, 

CH,-CH:CH, — CH,-CHBr-CH,Br — CH,-CH(OH)-CH,.OH. 

Such a method of preparation, however, would not actually be used 
in the laboratory as the chlorinatton of propane would be ery 
troublesome, and the glycol could be much more « y “ b ‘ a ™ 
from propyl or isopropyl alcohol, or from acetone, by well 

re $Xpylene glycol boils at 188” and closely resembles ethylene 

^Propylene ohlorohydrin, CHXl.CH(OH) -C1I, (a-M- 
hydroxypropane) , formed by the union of propylene and hypo 
chlorous acid, is converted by alkalis mto propylene ox.de, 

ch ’ ch <L 2 

U i8 evident that 

f”pane 8l nh'is C pi*n -Id ^conv^^ £ 
dichloropropanc. As, however, four ison d . mif , ht bc formed 
gether with more highly s ub st»tute P ^ > would hardly be 

by chlorinating the hydrocarbon, such a mem 

81 a yTropylene g lycol may be obtained 

glycerol; it boils at 2 1 If. ^ ( o i V) L 1 1(0 H ) C 1 1 3 . obtained 

sucrose. It boils at I84*. 

Glycols are usually thick liquids, and aS "‘J 1 h thosc 

data given above, their boiling-points are much higher 
of the corresponding monohydroxy-dcrivames. cxa mplcs 

Ethylene oxide, propylene ^^^Xsunccs of a similar 
of simple closed chain compounds , 

kind are given later, pp. 261, 271, 278. 

Glycerol 

Just as it is possible, usually by t,l ^ ,rcct substitution of 

paraffin into a dihydric alcohol, or gy^ • y (hosc para ffins con- 
hydroxyl groups for atoms of hydiogc , trihydric 

taming three or more carbon atoms may g.vc r.se to V 



246 


DI-, TRI-, AND POLY-HYDRIC ALCOHOLS 


alcohols, compounds which are related to the glycols as the latter 
to the monohydric alcohols, 

Propyl alcohol, Propylene glycol, 

1-Hydroxypropane l:2-Dihydroxypropane 

CH 3 • CH 2 • CHo • OH CH 3 - CH(OH) • CH 8 • OH 

Glycerol, 

1 :2:3-Trihydroxypropane 

CH 2 (OH) • CH(OH) • CH 2 • OH. 

As, however, trihydric alcohols could only be obtained from paraffins 
or other compounds with very considerable difficulty, their study 
has been restricted, except in the case of glycerol, which, from its 
occurrence in such large quantities in natural fats and oils, has 
offered exceptional opportunities for investigation. 

Glycerol or glycerin, CH 2 (OH)-CH(OH)-CH 2 -OH (i trihydroxy * 
propane ), was first obtained by Schecle in 1779 from palm oil, in 
which it occurs (to some extent in the free state). It is one of the 
unimportant products of the alcoholic fermentation of sugar, but 
was prepared from this source during the war of 1914-18, as it had 
been found that the yield could be raised from about 3 to 20-25% by 
the addition of sodium sulphite or carbonate to the fermenting liquid. 

Glycerol occurs in fats and oils in great abundance in the form of 
esters and has long been obtained from these natural sources in the 
manufacture of soap (p. 254). Quite recently a method has been 
devised for the commercial preparation of glycerol from propylene, 
a product of cracked petroleum. This hydrocarbon is treated with 
chlorine at 500°, under which drastic conditions it gives allyl 
chloride (p. 338) and not propylene dichloride; this compound 
is hydrolysed to allyl alcohol, the latter is combined with hypo- 
chlorous acid, and the chlorohydrin thus formed is hydrolysed to 
glycerol : 1 

CH,:CHCH 3 ► CH,:CH*CH,C1 ► 

CH t :CH CH a OH CH,(OH) CH(Cl) CH s OH ► 

Cl lj(OH) • CH(OH) • CHj • OH. 

Glycerol was synthesised from acetone by Friedel and Silva as long 
ago as 1872 by the following series of reactions : 

CHj-COCH, ► CH 3 - CH(OH) • CH, ► C^-CHrCH, - 

CH S -CHC1*CH,C1 ► CHjCl • CHC1 • CH.C1 ► 

CH 2 (OAc) CH(OAc) CH, OAc * CH,(OH)- CH(OII)- CHjOH. 

1 fi-Alethylglycerol, CH2(OH)*C(CH3)(OH)-CH 2 -OH, is prepared com- 
mercially from zrobutylcnc, by a similar series of reaction. 
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All these, or analogous reactions, except the conversion of d - into 
tri-chloropropane (with the aid of iodine chloride at HO ) have 
already been exemplified ; as acetone may be aynthes.sedfrom.ts 
elements in various ways, a complete synthesis of the. mpo tan 
natural product, glycerol, was thus accomplished. 1 his synthesis 
does not by itself constitute a rigid proof of the structure o g y“r 
as that of the trichloropropane had not been established, but it 
may now be confidently assumed that each of the three hydroxyl 
groups is combined to a different carbon atom (below). 

Glycerol (when pure) is crystalline and melts at 18 19 ^ 
ordinarily prepared, however, it is a thick syrup of sp^ gr. 1 26 a 
15” and does not solidify readily, owing to the presence of water 
nd traces of other impurities. 1. boils a. 290” under atmospheric 
pressme w'thou. change ; if, however, it contains even traces of 
salts it undergoes slight decomposition, so that it must firs 

L is 

insoluble blether , a’property which is common to most !«!»•*>«» 
which contain many hydroxyl groups. 1 has a d'st n«ly swee 

x&rs. 

alcohols, and to an even greater extent the tetra-, penta-, and 
hydric alcohols, are sweet, sugar-like compounds 

as in the cases of «*»%?** ^..ITe’s^readily losL the 

dements rfXT U improbable, therefore, 

distils unchanged a, This 

«■»- i- ■ ■ 

one atom of hydrogen is displaced at ordinary tempers* r 
product, C 3 II 6 (OH ) 2 ONa, is hygroscop.c, and is 

decomposed by water. analogous to that 
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glycerol yields the ester, glyceryl triacetate ( triacetin ), b.p. 260°, and 
water, 


CH 2 OH 


ch 2 .oco-ch 3 

<!:H.OH+3CH3.COOH = d:H.OCO.CH 3+ 3H s O 
Ah,-OH Ah.-0-CO-CH. 


It is obvious, however, that triacetin is not the only ester which 
may be produced by the interaction of glycerol and acetic acid, 
because a trihydric alcohol may also yield (isomeric) monoacetins and 
diacetins, by the displacement of only one, or of two, atoms of 
hydrogen, 


C 3 H 5 (OH) 3 +CH 3 COOH = C 3 H 5 (OH) 2 • O • CO • CH 3 + h 2 o, 
C 3 H 5 (OH) 3 +2CH 3 -COOH = C 3 H 6 (0H)(0 • CO • CH 3 ) 2 + 2H 2 0. 

Such compounds may all be obtained by heating glycerol with 
acetic acid, the higher the temperature and the larger the relative 
quantity of acetic acid employed, the larger the proportion of 
triacetin produced. Acetic anhydride acts more readily than acetic 
acid, but gives the same three products. 

Glycerol, like glycol, yields various oxidation products, according 
to the experimental conditions ; when carefully oxidised with dilute 
nitric acid, it is converted into glyceric acid, a change analogous to 
the formation of glycollic acid from glycol, 

CH,(OH) • CH(OH)*CH a - OH+20=CH a (OH) • CH(OH) • COOH+H a O, 

but a more vigorous treatment gives a mixture of glycollic, oxalic, 
and carbonic acids, 


CH t (OH) • CH(OH) • CH,- OH+40=CH.(OH)- COOH+CO a +2H s O, 
CH s (0H)-CH(0H)-CH 2 0H+60=C00H-C00H+C0 s +3H,0. 

In the presence of ferrous sulphate, glycerol is readily oxidised 
by an aqueous solution of hydrogen peroxide, and is converted into 
glycerol dehyde, CH 2 (OII) CH(OH) -CHO ; glycol and polyhydric 
alcohols in general, under these conditions, are oxidised in a similar 
manner (footnote, p. 243). 

Glyceraldchyde is also formed together with dihydroxyacetone, 
CH s (OH)'CO*CH*'OH, by oxidising glycerol with dilute nitric 
acid ; the mixture is known as glycerose. 

Glycerol readily undergoes decomposition into acraldehyde 
(p. 341) and water, a change which takes place to some extent when 
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impure glycerol is distilled, but much more quickly and comp etely 
when glycerol is heated with potassium hydrogen sulphate o 
phosphorus pentoxide. This reaction may be used as a test 
glycerol, as acraldehyde has a very irritating effect on the nose. 

When it is heated at about 230- with oxalic or formic acid, glycerol 
yields allyl alcohol (p. 340), and with phosphorus and iodine it gnes 
allyl iodide or isopropyl iodide (p. 339), according to the relative 

^oUsem^^m the manufacture of nitroglycerin (p 250) 
and toilet-soaps, and for lowering the frees, ng-pomt jf water m 
motor car radiators ; it is used in smaller quantities mmedmine and 
as an anti-putrescent in the preservation of food materials and 
tobacco. With phthalic anhydride it gives complex esters wluch 

are important plastics (glyptal or alkyd resins). , 

Glyceryl chlorohydrins. The action of concentrated hydro 

chloric acid on glycerol is similar to that of acetic acid. At modenite 

temperatures, and with relatively small proportions of the acid one 

atom of chlorine is substituted for one hydroxyl group, and glyc^ 

a-chlorohydrin ■ (.) is formed, just as ethylene glycol ,s conv t d 

into ethylene chlorohydrin ; with an excess of hydrochloric acid, 
however, glyceryl ay-dichlorohydrm (in) is produced. 

CH 2 OH 

, bici 

(bo- OH 


a 


p 


CH 2 C1 
bn- OH 


II 




- OH 

a-Chlorohydrin, 

l-Chloro-2:3-dihydroxypropane 


0-Chlorohydrin, 

2-Chloro-I:3-dihydroxypropanc 


a 


P 


CH 2 C1 

Lh-oh 
1:h 2 ci 


111 


CIIXl 

buci 

in, oh 


IV 


ay-Dichlorohydrin, 
l:3-Dichloro-2-hydruxypropanc 


a^-Dichlorohydrin, 

1 :2-Dichloro-3-hydroxypropanc 


• The name I'yctryl. should be reserved for .he group of atoms, 

— CH,— CM— CII,— 

which may be regarded as a rervalem radical, bu. i. is commonly used 

the names of the chlorohydroxy-dcrivatives. 



250 


DI-, TRI-, AND POLY-HYDRIC ALCOHOLS 


acid, but (iv) is obtained by treating allyl alcohol (p. 340) with 
chlorine. The alternative names given above, which express the 
structures of the compounds, are based on the system of nomen- 
clature already explained (p. 81). 

Glyceryl trichloride , afiy-trichloropropane, CH 2 C1 • CHC1 • CH 2 C1, 
cannot easily be obtained by heating glycerol with hydrochloric 
acid, but may be prepared by treating the dichlorohydrin with 
phosphorus pentachloride, 

C 3 H 5 C1 2 0H+PC1 5 = C 3 H 5 C1 3 + POCl 3 + HC1 ; 

it is a liquid which boils at 158°, and smells like chloroform. 

Certain glycerophosphates are of great importance (p. 630). 

Nitroglycerin, glyceryl trinitrate , C 3 H 5 (0N0 2 ) 3 , is the glyceryl 
ester of nitric acid. It is prepared by slowly adding pure glycerol 
drop by drop, or in a fine stream, to a 1 cell-cooled mixture of con- 
centrated sulphuric acid (4 parts) and nitric acid of sp. gr. T52 
(1 part) ; the product is run into cold water, and the nitroglycerin, 
which separates as a heavy oil, is washed well with water and left 
to dry in the air. 

It is an extremely dangerous substance, and its preparation is 
safe only to expert chemists ; it is even more dangerous in the solid 
state (m.p. 13 c ) than in the liquid condition. 

It is an odourless oil of sp. gr. 1-6 at 15°, has a sweetish taste, and 
is poisonous ; although readily soluble in ether, it is only sparingly 
soluble in alcohol, and insoluble in water, so that, as regards solu- 
bility, its behaviour is widely different from that of glycerol, a fact 
which shows the influence of hydroxyl groups very clearly. It 
explodes with great violence (detonates) when it is suddenly heated 
or subjected to percussion, but when ignited with a flame, in very 
small quantities, it burns quietly. 

Nitroglycerin is readily decomposed by boiling water and by 
potassium carbonate solution with the formation of some glycerol 
and nitric acid or a nitrate, 

C 3 H 6 (0-N0 2 ) 3 +3K0H = C 3 H S (0H) 3 +3KN0 3 , 

but with these and other hydrolysing agents further changes occur 

and glyceric, oxalic and possibly formic and acetic acids, or their 
salts, may be produced. 

It is known, however, that with potassium hydroxide solution 
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two molecules of potassium nitrite are formed from one molecule of 
nitroglycerin, possibly as expressed by either of the follow, ng 

equations, 

ClH * <0 Tc00K + ;.C00KtKN0 1+ 2KN0, + 3HA 

C^.(ON^b+4KOH-(OH ) co OK+KNO]+ 2KNO, + 2H I 0, 

and this fact is made use of in the estimation of nitroglycenn in 
pharmaceutical preparations. ion ran be 

The fact that nitroglycerin, like ethyl nitrate (p. 191) can be 
hydrolysed^ whereas ni, methane (p. 193) is stable towards alkalis 
shows that the -NO, groups in the former are directly combined 
with oxygen and not with carbon. The name nitroglycerin, there- 
fore, is misleading, but, being so well known, it is employed here 

instead of the more correct name, glyceryl trinitrate. 

Nitroglycerin is extensively employed as an explosive, sometimes 
alone sometimes in the form of dynamite , a mixture of nitroglycerin 
and kiesdguhr ; ' dynamite is less liable to explode, and, con- 
sequently fafer to handle and to transport than nitroglycerin alone. 
The presence of acids makes nitroglycerin prone to undergo spon- 
taneous decomposition and explosion ; great care, therefore must 
be taken to Jsh it thoroughly. Nitroglycerin is also employed 
mixed with gun-cotton (p. 329), as blasting-gelatine and 
in the preparation of smokeless ‘ gunpowder (cordite) , it is used 

in medicine in cases of heart disease. 

Glvcerol undergoes condensation when it is heated (usually 
in the presence of some catalyst), giving mixtures of hydroxy - 
Tthns such as di-glycerol. (2C 3 H,0,-H t 0), and ‘"-glycerol, 

nc H O 2H*0) ; these hygroscopic products are use 

softening* leather, and when csterified with the higher fatty ac.da 

they give emulsifying agents. 

Fats, Oils, Soaps, Stearin, and Butter 

Composition of Fats and Oils. When beef- or mutton-suet 
is kneaded in a muslin bag in a basin of hot water, the fat me ts -, *n 
passes out, leaving the membrane or tissue in the bag. the 
fat solidifies on being cooled, and is known as tallow. 

i A vciy porous powder, consisting of the siliceous remains of small 
marine animals. 
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obtained from pig-suet, in a similar manner, is much softer, and is 
called lard. 

When tallow is heated with water in closed vessels at about 200°, 
it undergoes decomposition into glycerol, which passes into solution, 
and fatty acids, which separate at the surface. In the presence of 
small proportions — 2 to 3 % — of accelerators, such as magnesium 
oxide, lime, and zinc oxide, the reaction proceeds at a lower 
temperature (140-150°). A similar hydrolysis occurs when tallow 
is heated with dilute sulphuric acid, but some of the glycerol may 
be decomposed and charred. 

All animal fats — such as lard, goose fat, bone fat, butter, etc., 
and the fatty vegetable oils, such as olive, linseed, rape, palm, and 
cotton-seed oil, which are obtained by pressing the seeds or fruit 
of certain plants — behave in the above manner, and when heated 
with dilute sulphuric acid or with water, under pressure, they are 
decomposed into glycerol and a mixture of acids, most of which 
belong to the C„H 2n 0 2 series. The occurrence of these acids in 
natural fats and oils, and the fact that the higher members of the 
series resemble fats in physical properties, led to the use of the 
term ‘ fatty acid,’ which is now applied to all the members of the 
series. 

The chemical compounds of which these fats are composed were 
investigated by Chevreul, who showed them to be esters of the fatty 
acids derived from the trihydric alcohol, glycerol. These esters are 
collectively termed glycerides , and are named after the acids from 
which they are formed. The glyceride formed from acetic acid is 
called triacetin ; that from palmitic acid, tripalmitin ; that from 
stearic acid, tristearin ; and that from oleic acid (p. 343), triolein. 

Such ‘ simple ’ glycerides, however, are found in fats and oils 
in small proportions only ; the chief components are * mixed ’ 
glycerides in which two or more fatty acids are combined with 
glycerol. Lard, for example, contains palmitodistearin, stearodi- 
palmitin, oleopalmitostearin, and palmitodiolein. When a fat 
contains in combination a relatively large proportion of palmitic or 
stearic acid, it is solid and comparatively hard (tallow) at ordinary 
temperatures ; when, however, it contains a relatively large pro- 
portion of combined oleic acid, it is soft and pasty (lard), or liquid 
(olive oil). 

These glycerides, like other esters, are decomposed by water and 
by dilute mineral acids at moderately high temperatures, and are 
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converted into glycerol and an acid ; in the case of tristearin, for 
example, 


ch,.o.co.c 17 ii 35 


CHo-OH 


+ 3 H 2 0 = CH OH +3C17H35 COOH 


CH,- 


2 -OH 

Glycerol 


Stearic acid 


l)H • O • CO * C17H35 
J:h 2 -o-co-c 17 H35 

Tristcarin w *' . . 

Since fats and oils consist of mixed glycerides, they yield mixtures 

° f S~ ^^lalis, the glycerides are decked 

rnmufacturin'g soaps, a mixture 
sX^tlxv, palm oil palm kerne, oil, or coconut 
oil, is heated in an iron pan with a sufficient q y 

ssass^ss^ggSas 

of the various acids, which were present in th B > acids . 

After 6 settling 6 for 30^00" .'owlr solution of g.ycero, 

lawks 

after whichsalt is again added and the curd ^ " 

further treatments, involving to a hard soap, 

finally obtained a .homogeneous such as salt, 
and (unless previously mixed % hll ^ . genu in e ’ soap, 

sodium silicate, sodium carbon ) origin- 

I, consists of a mixture of the sodium s » £ with J.er, 
ally present as glycerides in the tats or b 

small proportions of salt and glycerol, and a l‘ttle aikali. 

When L or oils are boiled with the potll, 

caustic soda, similar chemical change; 3 ^ '^’solution l allowed 
salts of the acids arc formed .the hor U 5 ^ ^ JOfl/)> which is a 

to cool, whereon it sets to a jc > above-named acids with 

mixture of the potassium salts of the above 

glycerol and a large percentage of water proC ess of 
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oils were said to be saponified. The term saponification was then 
applied generally to the analogous decomposition of other esters by 
alkalis (in spite of the fact that the products were not soaps), but 

the word hydrolysis is now used instead. 

Stearin and Glycerol. Stearin consists principally of a mixture 
of stearic and palmitic acids, and is manufactured by decomposing 
tallow and other fats or oils with water or dilute sulphuric acid (or 
milk of lime), under pressure. The aqueous layer is run off and 
treated for the recovery of glycerol, and the liberated fatty acids are 
purified by distillation in superheated steam. After having been 
cooled, the pasty mixture of acids is pressed in order to squeeze out 
as much of the liquid oleic acid (olein) as possible. The pressed 
mass is then gently warmed, and pressed again between warm plates, 
when a further quantity of olein is removed, together with some 
palmitic and stearic acids. The hard mass that remains is called 
stearin ; it is employed in the manufacture of toilet preparations, 
and also, after admixture with paraffin to make it less brittle, in 
large quantities in the manufacture of candles. The liquid or pasty 
mass of oleic, palmitic, and stearic acids which is separated from the 
stearin, and known as olein , is employed for the preparation of soap. 

Glycerol is obtained from the aqueous layer, after the fatty acids 
have been removed ; the solution is treated with lime or baryta to 
neutralise the free acid, filtered and evaporated to a thick syrup. 
This crude glycerin is distilled under reduced pressure in super- 
heated steam, and finally decolourised by filtration through charcoal. 

The process devised by Twitchell, next to that involving the use 
of alkali, is probably the one most widely used at the present time 
for the hydrolysis of fats and oils on an industrial scale. In this 
process the hydrolysis is accomplished by the use of a reagent, 
which Twitchell originally prepared by the interaction of a mixture 
of oleic acid, benzene, and sulphuric acid, and which may be 
regarded as a sulphobenzencstearic acid ; 1 it acts mainly as an 
emulsifier. The oil or fat, together with an approximately equal 
quantity of water, is raised to 100° and about 1% of the reagent, 
calculated on the fat, is added ; hydrolysis is complete in about 
thirty hours. 

Another method of hydrolysis, now little used, is carried out with 
the aid of an enzyme ( lipase ) which occurs in castor oil and in 


1 Instead of benzene, naphthalene is frequently used and to the reagent 
thus prepared, the composition, C l8 H 3i Oi*CioH a -SOjH, has been assigned. 
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many other oils. The fat or oil (100 parts) i s ^ “"'Tt 

with water (35^tO parts) and an extract ° 0<) ! P of lhe fa( has becn 

l^nirolysed^burth^action^o^he enzynte (as *n *J? e 

«** 

oleic acid, and glycerol) are treated as descr.bed above. 

Butter Butter, prepared from cream, is a mixture of fat (about 
8 , 5 o/ o) , ’water (about ££?%£ ?<* 

XceX^f palmitic and oleic acids and small proportions of the 

glycerides of myristic butyric, capm.c ' ^^/^h'pmpoln 
it differs from other fats in containing a relati\ciy „ i ' , 

of w“uble acids, notably butyric, and some capro c nd 

caprylic acids. The rancidity of butter and other fa,s ,S ' and the 
of the hydrolysis of the glycerides by enzymes (p. 331), 

atmospheric oxidation of the unsaturated acids. . suitable 

Margarine consists of an emulsion pr p y The oils 

mixtures of animal and vegetable oris or fats w« J' 1 *: 
and fats used are those which are obt anted "e'uraHy, h^ne^,^ 

lard, free from objectionable odour “ whic i iave been so 

flavmir^and^he'dietetic vate^of Z ^rine is improved by the 

uid f-rhle of oh,C a ac,d re Moreover 

the saturated acids obtained by the y r ° y . j s t | ie y a lonc 

valuable than the liquid unsaturated acids ma much as ttu y^ ^ 

can be used directly for the manu ac ure better soaps than 

ss. ss . w r~u» 

'sitsi srrs. 1 *— — * - 
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stearic acid (p. 173), and linoleic acid , C 18 H 3 ,0 2 (p. 345), another 
unsaturated acid, which occurs as glyceride in many oils, is a di- 
olefinic derivative of stearic acid. It is evident, therefore, that 
stearic acid might theoretically be produced by the reduction of 
these two oily unsaturated compounds ; but on a large scale this 
was found to be impossible practically with the aid of any ordinary 
reducing agents. The researches of Sabatier (p. 405) pointed to a 
new way of attacking this very important problem, and experiments 
then showed that oleic acid could be reduced to stearic acid by 
treating it with hydrogen, in the presence of a nickel catalyst, under 
suitable conditions. 

Later, it was discovered by Ipatiew that, instead of the metal, 
an oxide of nickel could be employed with satisfactory results ; 
moreover, the oxide was not poisoned (p. 407) so readily as the 
metal, and consequently had not to be renewed so frequently ; when 
the oxide was used, however, it was generally necessary to work under 
considerable pressure, otherwise the reduction took place too slowly. 

The discovery of these methods for the reduction of the un- 
saturated acids in the liquid state was followed by the reduction of 
the glycerides themselves, and the hardening of oils on the large 
scale is now carried out as follows : 

Free acids, if present in proportions of more than 2-3%, are first 
neutralised by agitating the oil with lime or with a very dilute solu- 
tion of sodium hydroxide. The oil is then freed from water and 
clarified by agitation with Fuller’s earth or charcoal, followed by 
filtration. 

The nickel catalyst is prepared by mixing pumice, kieselguhr, 
asbestos, charcoal, or other ‘ support ’ with a solution of nickel 
sulphate, then adding sodium carbonate and boiling the mixture ; 
the * support,’ intimately incorporated with nickel carbonate, is 
washed until free from soluble salts, dried, and heated at 300-400° 
in an atmosphere of hydrogen, whereon the carbonate is converted 
partly into oxide and partly into metal. The purified oil is now 
mixed with 0-5-1% of its weight of the catalyst, heated at about 
180°, and pure hydrogen is passed into the well-agitated mixture 
under a pressure of 2-5 atmospheres. The progress of the hydro- 
genation is followed by determining the iodine value 1 of the oil, 


‘ The iodine value is the weight in grams of iodine chloride. Id, expressed 

lv !kT 0f,0dine ’ wh «h combines with 100 g. oftheoilor fat; it corresponds 
with the proportion of unsaturated compounds present in the sample. 
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which falls gradually as reduction proceeds. An oil such as whale 
oil, which does not easily solidify, may be thus transformed into a 
solid fat, which can be advantageously utilised in soap-making, etc. 
if this fat is then hydrolysed, the solid mixture of acids obtained 
from it can be used for the same purposes as those for which stearin 
is employed. Another advantage of hardening oils is that, as a rule, 
they thereby lose the very disagreeable smell, which some of them 
(particularly the fish-oils) possess ; they may then be used, in 
conjunction with natural fats and oils, in the manufacture of 

m j)rving of Oils. Some oils, such as linseed oil, which contain 
glycerides of unsaturated acids, possess the useful property of 
•drying ’ when they are exposed to the air. During this change the oils 
are transformed into a tough resinous mass. This is due primarily 
to the oxidation of the unsaturated acids contained m the oil, and 
may be hastened by the addition of various catalysts, chiefly oxides 
of metals such as red-lead, which are known as driers. Drying 
oils are used in the manufacture of paints, oil-cloth, etc. 

Polyhydric Alcohols 

The existence of tetra-, penta-, and hexa-hydric alcohols, which 
theoretically might be obtained from the higher paraffins by the 
substitution of four, five, or six hydroxyl groups for an equivalent 
quantity of hydrogen, just as glycerol is derived from propane, 
might of course be expected ; nevertheless, owing to the difficulties 
which would have been met with in the actual synthesis of such 
hydroxy-derivatives from the paraffins, or from other compounds, 
it is not impossible that they might still have been unknown were 
it not that some of them occur in nature, or may be prepared from 
certain products of the vegetable kingdom by simple processes. 

Erythritol, CII 2 (OH) • CH(OH) • Cl 1(01 1) • CH, • OH , for example , 
is a tetrahydric alcohol, which occurs in many lichens and in certain 

seaweeds. 

Pentaerythritol , tetrahydroxytetramethylmethane, C(CH 2 OH) 4 , is 
formed from a mixture of acetaldehyde and formaldehyde by the 
action of slaked lime at 60-65°, 

2CH, CHO+8H CHO+Ca(OH), = 2 C(C 1 I 2 OH)«+(H COO) g Ca ; 

it melts at 250-252°, and its tetranitratc, C(Cll 2 -O NO,) 4l pen- 
thrite, is an important explosive, related to nitroglycerin. 

Org. e 
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Arabitol and xylitol are optically isomeric (p. 291) pentahydric 
alcohols of the constitution, 

CH 2 (OH) • CH(OH) • CH(OH) • CH(OH) • CH 2 • OH ; 

they may be respectively prepared by reducing arabinose and xylose , 
two sugars (aldehydes) which are obtained from various vegetable 
products, with sodium amalgam and water. 

Hexahydric alcohols, such as mannitol , sorbitol , and dulcitol , 
also occur in nature ; these three compounds are identical in con- 
stitution, and they are all represented by the formula, 

CH 2 (OH) • CH(OH) • CH(OH) ■ CH(OII) • CH(OH) • CH 2 • OH ; 
they are optical isomeridcs. 

Mannitol is found in manna, the dried sap of a species of ash, 
from which it may be extracted with boiling alcohol ; it may also 
be obtained by reducing mannose or fructose (pp. 313, 314) with 
sodium amalgam and water. It is crystalline (m.p. 166°), has a 
sweet taste, and is readily soluble in water and hot alcohol, but in- 
soluble in ether. When carefully oxidised with nitric acid it yields 
the aldehyde, mannose , and the ketone, fructose. 

On reduction with hydriodic acid, mannitol, sorbitol and dulcitol 
are converted into (secondary) 1 hexyl iodide (2-iodohexane), a 
derivative of the normal hydrocarbon ; this is a fact of great im- 
portance, as it throws light on the constitutions not only of the 
hexahydric alcohols, but also on those of the monosaccharides in 
general (p. 315). 

That the molecules of mannitol, sorbitol and dulcitol contain six 
hydroxyl groups is shown by the fact that they yield hexa-acetyl 
derivatives, C 0 1I 8 (O CO CH 3 ) 6 , and hexanitrates, C G H g (0-N0 2 ) fl , 
and for reasons already given (p. 247), it must be concluded that 
each of the six hydroxyl groups must be combined with a different 
carbon atom. This conclusion is confirmed and the structures fully 
established by many other facts. 


SUMMARY AND EXTENSION 


The Glycols, or dihydric alcohols, form a homologous series of the 
general formula, C„H 2n (OH) 2 , and are derived from the paraffins by 
the substitution of two hydroxyl groups for two hydrogen atoms not 


The term secondary distinguishes the iodide as a derivative of a 
secondary (hexy!) alcohol, CH a - [CH t ] ? CH(OH). CH,. An isomeric 
iodide, CHj-CHj-CHj'CHI-CHj-CHj, is also produced. 


DI-, TRI-, AND POLY-HYDRIC ALCOHOLS 


259 


B.p. 

197 ° 

188 ° 

214 ° 

184 ° 

172 ° 


attached to the same catbon atom. A few important members of the 
series are the following : 

K Constitution 

Ethyleneglycol” ^,,o„ 

a/ 3 -Propylene glycol '“" 3 

ay-Propylene (or trimethylene) J cH.(OH) • CH S - CH . OH 

e ‘ yCOl ( , , CH,CH(OH)CH(OU)CII 3 

07-Butylene glycol Lri3 

0 7 -Dimcthyl-3>-butylene } (CH 3 )-C(OH)- C(01I)(CH 3 )2 

glycol or pinacol J . 

Nomenclature. The glycols are named as ""by teters 

the paraffins and the positions of the HO- -groups arcs,, ^ ^ 

or numbers in the usual way They may olefincs , as 

additive products of olefines, or o r • hydroxyl groups, 

above, with the addit.on of glycol to denote the m (p 

Glycols produced by the rcduct poly-hydric alcohols 

are often distinguished as is based 

have usually trivial names , their > 

on that of the paraffins. c 

(Wum), 

some alkylene halides may h^.b^thtof^n'lLe^he^kancnts 
S r a» U S: Olefine, and then an 

-r— - — - 

into chlorohydrins, which are then hydrolysed 

c*h 4 +h 2 o+o - C 2 H 4 (OH) 2 » 

C 2 H 4 +HOCl = C.H 4 (OH)Cl >C 8 I l 4 (OH) a . 

(3) Olefines are oxidised with perbcnzoic acid and the ox.ee, so 
formed a^hydrolyscd.^ ^ < __ > C(QH) . C(OH) < 


(4) Ester, (or amides) of^hc ki S Uer dicarboxylic acids arc reduced 
with sodium and alcohol, 
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(5) Ketones are treated with magnesium amalgam in the absence 

, R 2 C O\ ,. , 

of water, and the magnesium compounds, i /Mg, which are 

R 2 C-0 

formed, are decomposed with dilute acids. 

(6) Di-primary amines are treated with nitrous acid, 
NH 2 [CHj B NH a +2HNO, = H0-[CH 2 ] n -0H+2N 2 +2H,0. 


(7) Esters or ketones containing two carbonyl groups are treated 
with Grignard reagents and the products are decomposed with acids, 

CH 2 COOEt CHjMgl CH 2 -C(CH 3 ) a OH 

ifKCOOEt CH 2 C(CH 3 ) 2 -OH 

Properties. The glycols are neutral, sweet, viscid liquids ; the 
solubility in water diminishes as the hydrocarbon radical increases in 
molecular weight. They react with sodium, phosphorus halides, acids, 
etc., one or both of the hydroxyl groups taking part in the reaction. 
Their behaviour on oxidation is also normal. 

Lead tetra-acctate is a good reagent for oxidising glycols in which 
the hydroxyl groups are combined with adjacent carbon atoms ; 
ketones or mixtures of ketones and aldehydes are produced, 

R 2 C(OH)-C(OH)R 2 +Pb(OAc )4 = 2R 2 CO+2AcOH + Pb(OAc) 2 . 

The trihydric alcohols, of which glycerol is by far the most im- 
portant, have the general formula, C n H 2n -i(01 1) 3 . Glycerol occurs in 
oils and fats, which consist for the most part of mixtures of glyceryl 
esters of various organic acids, the most abundant of which arc palmitic, 
stearic, and oleic acids. It is manufactured from these esters or from 
propylene. Glycerol shows the properties which would be expected 
of a compound containing three hydroxyl groups, and gives, for 
example, glyceryl trinitrate with nitric acid. 

When glycerol is heated with formic or oxalic acid it yields allyl 
alcohol ; with iodine and phosphorus, allyl iodide or iropropyl iodide ; 
and with potassium hydrogen sulphate, acraldchyde ; in all these 
reactions the initial normal products undergo change. Glycerol 
yields various compounds by the displacement of its hydroxyl groups 
by chlorine. 

Glyceryl a-chlorohydrin is obtained, together with small quantities 
of the /3-compound, when glycerol is heated at 105-110° with hydro- 
chloric acid ; it is a thick liquid, soluble in water. Glyceryl fi-chloro- 
hydrin can be obtained by treating allyl alcohol with hypochlorous 
acid. 
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tion with chromic acid it yields symmetrical dichloroacctone, 

CH 2 C1 • CO • CHjCl. 

Glyceryl afi-dichlorohydrin may be obtained by treating^ allyl 
alcohol with chlorine ; on ^*dat.on gtihnx treatcd with 

%SX ** 

ch 2 ci— ch<£ h *. 

a liquid b.p. 117°. 

When glycerol is treated with acetyl^ 
triacetin, as might have been expected, but gljceryi 

diacetate, 

C,H.(OH), + 2CH, COCl - C J H 1 CI(O.CO.CH 1 ), + H,0 + HC 

This behaviour, although apparently “""of the reaction, 

on other ntono- 

^“o.CH,vo„.Ha-c«o.co,c,,,sa«,o. 

. r , A hexa-hvdric alcohols are important 

The tetra-. pet.ta-, and hexa " ya ” roonosac charides (p. 310) ; 

because of their close relationship . £ monosaccharide 

all those which are obtained by the reduction of a 

are derived from normal paraffins. 



CHAPTER 17 

HYDROXY-ACIDS AND DICARBOXYLIC ACIDS 


Monohydroxymonocarboxylic Acids 

The monohydroxymonocarboxylic acids are derived from the fatty 
acids by the displacement of one of their hydrogen atoms by a 
hydroxyl group, just as the alcohols are derived from the paraffins ; 
they therefore form a homologous series of the general formula, 
C„H 2n (OH)(COOH). They may also be regarded as oxidation 
products of the glycols: glycollic acid or hydroxyacetic acid , 
HO CHj-COOH, for example, is formed by the oxidation of 
ethylene glycol, and higher members of the series may be obtained 
in a similar manner. 

The first member of the series is hydroxyformic acid , HOCOOH, 
better known as carbonic acid, which differs from the other members 
of the series in being a dibasic , but not a dicarboxylic, acid ; its salts 
are described in text books of inorganic chemistry, but a short 
account of some of its non-metallic derivatives is given below. 

Carbonyl chloride, phosgene , COCl 2 , is obtained by the direct 
combination of carbon monoxide and chlorine in sunlight or in the 
presence of a catalyst, such as charcoal. It boils at 8° and decomposes 
slowly in contact with water into carbon dioxide and hydrochloric 
acid. When it is treated with alcohol it gives ethyl chloroformate 
and diethyl carbonate, and with ammonia it yields urea (p. 263). 
It is used in the preparation of a few dyes, and was employed very 
largely during the war of 1914-18 as a poison gas. 

Ethyl chloroformate, ethyl chlorocarbonate, C1C0 0C 2 H 6 , is 
prepared by the action of carbonyl chloride on alcohol, 

COC1o+C 2 H 5 .OH = Cl-CO OC 2 H 5 +HCl ; 

it is a pungent-smelling liquid boiling at 93°. It reacts with alcohols, 
phenols (p. 478), and with primary and secondary amines, yielding 
carbethoxy- derivatives, 

ROH+Cl-COOEt = ROCOOEt+HCl, 

R..NH+ Cl • CO • OEt = RoN • CO • OEt+HCl ; 

these reactions are usually carried out in the presence of dilute 
alkalis. 
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Diethyl carbonate, ethyl carlo,, ate , CO(OC H s)= is Prepared 
by treating ethyl chloroformate with alcohol; .t boils 

Xanthic acid,S:C(OC,H 6 )SH,orethylhydrogen^ithiocarbonatc^ 

r in" d SS P^n carbon disolph.de, 

KOH+CSj+CjHs-OH = S:C(OC 2 Hs)SK+HaO. 

Urea, carbamide, CO(NH*. is . “^VlammalsCd 

physiological importance. 1 <" tc * 1 f h pr i nc ipal nilro- 

the excreta of birds and rept'les and^.s^c ^ ^ j% 

genous components of human u > am i was fi rs t arti- 

It was discovered in urine m 1773 ^(Ro^o^^)> ^ formed , 

finally produced in 1828 by W oil , sec j i nto an aqueous 

together with oxalic acid when cyanog ^j ution of amm onium 

solution of ammonium hydroxide, 
cyanatc was then evaporated, 

C N +2NH.OH = NH 4 CN+NH, 0CN+H 2 0, 

^ * nh 4 .OCN-^CO(Nll 2 ) 2 ; 

this was the first synthesis of an ■ organic ' compound (p i). 
Ammonium cyanate and urea are 

of the one into the other is therefore of the 

because it merely involves a ^arrange ^ transformed into 

molecule, the ionic structure [- 4 ] 1 t t | lC equilibrium 

NH 2 .CO.NH 2 ; the reaction is ammonTuin salt, 
point the solution contains only about 5 /„ ot 

Urea may be obtain^ by niirate 

(^ 265 ) ^recry^taUis^l 'from nitric acid, dissolved 

and decomposed with barium ^ j with alcohol, in which 

evaporated to dryness, and the urea extracted 

barium nitrate is insoluble. # . 

It is more commonly prep^ed ^quSntqua" 1 '^ of 

solution of potassium cyanatc (16 R.) solution to dryness, 

ammonium sulphate (13 g.), evaporating the ^ solution ^ 

extracting the iesidue with alcohol, and concentrating 

extract. 
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Urea may also be obtained synthetically by treating diethyl 
carbonate, or carbonyl chloride, with ammonia, 

CO(OC 2 H 5 ) 2 + 2NH 3 = CO(NH 2 ) 2 +2CoH 5 -OH, 
C0C1 2 +4NH 3 = C0(NH 2 ) 2 +2NH 4 C1. 

It is manufactured by hydrolysing cyanamide (p. 363) with a weak 
acid, 

NH 2 -CN+H 2 0 = NH 2 CONH 2 , 

or by heating together ammonia and carbon dioxide under pressure, 

2NH 3 +CO, = NH 2 COONH 4 , 

NH 2 -COONH 4 = NH 2 -C0-NH 2 +H 2 0. 

It crystallises in needles, melts at 132°, and is readily soluble in 
cold water and alcohol, but almost insoluble in ether ; unlike an 
ammonium salt, urea is not immediately decomposed by a cold 
solution of sodium carbonate, but is rapidly hydrolysed when it is 
heated with aqueous alkalis, with the evolution of ammonia. When 
heated alone at about 155°, it melts and then decomposes, giving 
ammonia, biuret, cyanuric acid , and other compounds ; the first pro- 
ducts are ammonia and cyanic acid (p. 362) and the latter combines 
with urea, giving biuret, 

NH 2 • CO • NH a + HNCO = NH 2 CO-NHCONH 2 , 

but some polymerises to cyanuric acid (p. 366) and cyamelide (p. 362). 
An aqueous solution of the residue gives with a few drops of copper 
sulphate solution, and a few drops of dilute potash, a violet or pink 
colouration (biuret reaction). 

Urea is decomposed by nitrous acid, giving nitrogen, carbon 
dioxide, and water, both the NH 2 — being displaced by HO — 
groups, 

CO(NH 2 ) 2 + 2HNO z = C0(0H) 2 {C0 2 + H 2 0}+ 2N 2 + 2H 2 0 ; 

a similar change takes place when urea is treated with alkaline 
solutions of hypochlorites or hypobromites, 

CO(NH 2 ) 2 +3NaOCl+2NaOH = Na 2 C0 3 +3NaCl+N 2 +3H 2 0 ; 

from the volume of nitrogen obtained in the latter reaction, under 
particular conditions, the quantity of urea in a solution can be 
approximately estimated. 

Urea is converted into ammonium carbonate by an enzyme, 
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urease, which is present in most soils, and also in soya- and Jack- 

beanS ’ C0(NH.),+ 2H,0 = (NH,),C0 3 ; 

with an acid. * n ..ivalcnt of an acid to form 

Urea is basic and combines wi q ^ nitrate, 

salts, most of which are readi y so sparingly soluble in 

C0(NH,)„HN0 1 , crystallises in plates ® P f ^ nitrourea , 

nitric acid; with cold concentrated sulphurmac.cl . i 

NH 2 C0 NH N0 2 . Urea . “^^‘Sse'and other 

tallises in prisms and is sparing y sodium carbonate 

salts of urea give a vigorous effervescence . in 

and might he easily mistaken for ■ als0 f or the manu- 

Urea is used as a fertiliser in agncuUu , 

facture of synthetic resins and var, °“* j; thy i car bonate and 

Constitution. The forniation of ur from diethy ^ r£actions 

from the chloride of carbonic aal ^ J ( J formatio n of acetamide 
analogous to those which tak P , csncct ivcly ; urea, therefore, 
from ethyl acetate and acetyl t 1 * c o NH 2 , and regarded 

™ay be represented by the J mc carbamide. 

as the di-amide of carbonic a _ a rded as the acid 

Carbonyl chloride ChC0 ’q.COOH, and urea as the amide of 

chloride of chloroformic acid, ’ c losely related both to 

aminoformic acid. The urethanes (p. 223) are closely 

aminoformic acid and to urea. f ca u c d iso- 

Compounds derived from a tautomeric form of urea, 

HNtC(OH) ’NH,, “ e k "°J n N NH was first prepared by 

Guanidine, mmourea, NH,'C(.NI ) » roduC t of animal 

Streaker in 1861 by the “^''“".“^"“""^ogen iodide (p. 354) 

origin. It may be sy n,h | :s “ d by bcing S f orm ed as an intermediate 
with ammonia, cyanamide (p. 30 J) oci g 

Pr ° dUCt ' NH 1 .C:N+H.NH,-HH,.C(:NH) ; NH,. 

It is conveniently prepared by ’“•‘^.“^"^fiB^Foduccd, 

™i;htr g ^ e — Z ■<*&«*. ^’ idine 

,hi 0 N Cy „ a :cS. N H l+ NH..HS.CN - N H,C (; NH, NH„HS CN + H.S. 
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Guanidine forms deliquescent crystals, and is readily soluble in 
water ; it is a strong mono-acidic base, and of its salts the nitrate, 
NH 2 -C(:NH)-NH 2 ,HN0 3 , like urea nitrate, is sparingly soluble 
in water. The base is decomposed by a boiling solution of barium 
hydroxide, giving urea and ammonia. 

When guanidine is treated with a mixture of nitric and sulphuric 
acids, it yields nitroguanidine , NH 2 -C(:NH)-NH’NC> 2 , which, on 
reduction with zinc-dust and acetic acid, is converted into amino- 
guanidine, NH 2 - C(:NH)-NH -NHj. When the latter is wanned 
with acids, it yields semicarbazide, 

NH a -C(:NH)-NH-NH,+H a O = NH a -CO-NH-NH a +NH„ 

which may be further hydrolysed into ammonia, carbon dioxide, 
and hvdrazine, 

NHj • CO • NH • NHj+HjO - NHj+CO.+NHjNH,. 

Semicarbazide, aminourea, NH t -CO-NH*NHj, may be ob- 
tained from hydrazine sulphate and potassium cyanate, just as urea 
may be obtained from ammonium sulphate and potassium cyanate, 

NHj-NHj-CNO — - NHj-CO-NH-NHt, 

but it is usually prepared by reducing nitrourea. It melts at 96°, 
is basic, and is an important reagent for aldehydes and ketones. 

Glycollic acid, hydroxyocetic acid , HOCH 2 -COOH, the second 
member of the series, C„H 2n (OH)COOH, may be produced by 
the oxidation of glycol, just as acetic acid may be obtained by the 
oxidation of alcohol, 

ch 2 oh ch 2 -oh 

d:H 2 OII +20= ioOH +H 2°’ 

but as several oxidation products are formed, the isolation of the 
acid might be very troublesome. It is also formed when amino- 
acetic acid (glycine, p. 222) is treated with nitrous acid, a reaction 
exactly analogous to the conversion of ethylamine into ethyl alcohol, 

CH 2 -NH 2 CH a -OH 

d'OOH +H0 ‘ N0 = ioOH +H 2° +N 2- 

Glycollic acid is prepared by boiling the potassium salt of chloro- 
acetic acid with water, whereon the hydroxyl group is substituted for 
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,he atom of chlorine, just as in .he formation of alcohol from ethyl 
chloride, CH.-OH 

£ook + h ‘° - iooH +KC1 - 

The solution is evaporated m ^ess -dth^res.d^e extracted 
with acetone, which dissolves uic b ; 
potassium chloride. 

Glycollic acid is a crystalline, hygroscopic substance, and melts 

at 80° ; it is readily soluble in «*«.»>“ ■ m j hocls of formation 

Since its constitution is established by ’ behav i 0 ur 

it is almost unnecessary to describe at le g* h , formula . 

of glycollic acid, because this is summarised * Hke , he fatty 

Its molecule contains one carboxy g rou P • mct allic hydroxides 
acids, it is a monobasic acid and forms salts with metallic y 

and esters with alcohols. .Oil croup; therefore it 

Glycollic acid also contains one 2 ^ ac ; d Qn oxidation) 

behaves like a primary alcohol, as we h oxalic acid, just 

for example, it yields first glyoxyhc acid and 
as alcohol gives acetaldehyde and acetic aci , 

CH 2 01I CHO __ COOH 

ioOH " * ioOH COO! I 

Even when the hydrogen atom of the of hydrogen, which, 
displaced, glycollic acid still c0 "j*^ S ° d b an alka li metal and by 
like that in alcohols, may be disp • > d j| y converted 

the acetyi group ; e.kyl glycol^ for example ismad.y^ 

into an acetyl derivative on treatmc 

CH 2 OH _ CH.O CO.CIl3 +HC1 

iooc 2 H 6 + CH3 ■ C iooc 2 H 5 

.. ru CHfOHVCOOH, 

Lactic acid, a -hydroxypropwmc acd C z , olh er 

is formed during the lactic bnM* “^nSO). 
substances, and is present in sour " t j sc given in the 

It can be obtained by 

case of glycollic acid— namely, by oxidising P 
with nitric acid, ^_ TI no 

CH, • CH(OH) ■ CH, • OH +20 - CH. CHfOHj COOH + HA 
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by heating a-chloro- or a-bromo -propionic acid with water, dilute 
aqueous alkalis, or moist silver oxide, 

CH 3 • CHBr • COOH-f H 2 0 = CH 3 CH(OH)COOH+HBr, 

and by treating a-aminopropionic acid ( alanine ) with nitrous acid, 
CH S • CH(NHj) • COOH+HO • NO = CHjCHfOHJCOOH+Nj+HsO. 
It can also be synthesised from acetaldehyde as described later 

(P- 270). 

It is prepared by the lactic fermentation of sugar (p. 172). 

Lactic acid, as usually obtained, is a thick, sour liquid, miscible 
with water, alcohol, and ether ; when pure it is crystalline and melts 
at 18°. It cannot be distilled under atmospheric pressure, as it 
undergoes decomposition into acetaldehyde, water, carbon monoxide, 
and other products. When heated with dilute sulphuric acid it is 
decomposed into acetaldehyde and formic acid, a fact which shows 
that, compared with the fatty acids, lactic acid is very unstable, 

CH 3 CH(OH)COOH = CH 3 CHO+H-COOH. 

Lactic acid is a monocarboxylic acid, and forms metallic salts and 
esters. 

Calcium lactate , (C 3 H s 0 3 ) 2 Ca, 5H 2 0, and zinc lactate , 
(C 3 H s 0 3 ) 2 Zn, 3H 2 0, are crystalline ; the latter is sparingly soluble 
in cold water. Ethyl lactate, CH 3 • CH(OH) • COOC 2 H 5i is prepared 
commercially from acetaldehyde cyanohydrin, which is heated with 
alcohol and sulphuric acid, 

CH 3 • CH(OH) • CN +C 2 H 5 • OH +H 2 S0 4 +H s O = 

CH 3 -CH(0H)-C00C 2 H 5 +NH 4 HS0 4 ; 

it is a neutral liquid, but, since it contains a >CH(OH) group, it 
yields metallic derivatives with potassium and sodium, and, like 
other hydroxy-compounds, it reacts with acetyl chloride, giving 
ethyl acetyllactate, CH 3 CH(OCOCH 3 ).COOC 2 H 5 , an ester of 
acetyllactic acid, CH 3 -CH(OAc)-COOH. It is used as a solvent. 

Lactic acid also contains the group, > CH • OH, and shows, there- 
fore, the reactions of an alcohol. When, for example, it is heated 
with concentrated hydrobromic acid, it is converted into a-bromo- 
propionic acid, 

CH 3 • CH(OH) • COOH+ HBr = CH 3 CHBrC00H+H 2 0 ; 

with concentrated hydriodic acid, however, it may yield propionic 
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acid, because the u-iodopropionic acid which is fas. produced is 
readily reduced by an excess of hydrogen iodide, 

CH 3 • CHI • COOH+ HI = CH 3 CH,COOH + I 2 . 

propyl alcohol gives acetone, 

CH 3 • CH(OH) • COOH+ O = CH,-C0-C00H+H,0. 

Lactic acid and its salts are largely used in dyeing, tanning, an 

calico printing. . , 

more especially in .he lactic acid, bu. i. 

XVfrl m orUy (dMlachc acid in being op.ically active (dex.ro- 
rotatory, p. 294). 

.. ru fOHVCH,*COOH, or fi-hydroxy- 

Hydracrylic acid, Cl 2 ( j ^ be obtained by re- 

propionic acid , an isomcri c ‘ , corresponcliHg a-acid — namely, 
actions similar to those which gi boding fl-chloro-, bromo-, 

by oxidising ay-propylene g >c , with silver oxide and 

:v r a.er d0 1.Tbcs. a p«pa«d by .he hydrolys.s of e.hylene cyano- 

h 1.t a'Sour syrup, and whenfa-d afane -hh —y 

a Change analogous .o .he con- 
version of ethyl alcohol into ethylene, 

CH,(OH)-CH.-COOH = CH 2 :CH-C00H-t-H,0. 

In many respects hydracrylic behaves 
monocarboxylic acid, and also “H 3 " 1 wel l as those of a 

’“;;o“ctcooH. ! o.coo„.c„.,coo„,.,,o. j 

Constitute Of the Monohy jt^add'^ 
hydracrylic ^cW^ show tT "pounds are monohydroxy- 
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monocarboxylic acids of the molecular composition, C 3 H 6 0 3 ; as 
only two such structural isomerides — namely, 

CH 3 CH(OH) COOH and CH 2 (OH) CH 3 COOH, 

i ii 

are theoretically possible, all that is necessary is to determine 
which of these formulae represents the one, and which the other, 
acid. This, of course, is already settled if the constitutions of the 
chloropropionic or aminopropionic acids, or those of the oxidation 
products of the hydroxy-acids are known ; if, however, this were 
not the case, the following syntheses of the hydroxy-acids establish 
their constitutions. 

When acetaldehyde is treated with hydrocyanic acid direct com- 
bination occurs, and the product is converted into lactic acid when 
it is heated with hydrochloric acid, 

CH 3 CH(0H)CN+2H 2 0 = CH 3 -CH(OH)COOH+NH 3 . 

Lactic acid, therefore, is represented by formula (i), a conclusion 
which is fully borne out by all other facts. 

When ethylene is treated with an aqueous solution of hypo- 
chlorous acid, ethylene chlorohydrin is formed ; this compound 
reacts with potassium cyanide in dilute alcoholic solution, giving 
ethylene cyanohydrin, 

ch 2 (oh)ch 2 ci+kcn = ch 2 (oh)-ch 2 cn+kci, 

which, when boiled with mineral acids, is converted into hydracrylic 
acid, 

CH 2 (OH)CH 2 CN+2HoO = CH,(OH)CH 2 -COOH+NH 3 . 

Hydracrylic acid, therefore, is represented by formula (ii). 

Since, moreover, acetaldehyde and ethylene may be prepared 
from their elements, this is also true as regards the two hydroxy- 
propionic acids. 

These two examples again show that when the structure or con- 
stitution of a compound has been ascertained from a study of some 
of its reactions, it is often possible to devise and carry out operations, 
based on general methods, by which the compound may be obtained 
from simpler substances ; its molecule is thus built up, step by step, 
from a known foundation by known processes, and a successful 
synthesis thus affords very strong and generally conclusive evidence 
of the structure of the compound. 
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Lactides Since lactic acid is an alcohol, as well as an acid, two 
lactic acid may react with one another to form an 

ester-like compound of the constitution, 

CHj • CH(C00H)0 • CO • CH(OH) • CH 3 , 
and this product, in an ^"”po Ids » fo “hen 
toic"s‘healed ; the former is called laclyllaaic acid ; the 

'"other alydroxy-acids may give rise to similar compounds^and 

those which correspond with lactide ^ S, ™ C ™'nsformed imo a 
tedder; glycollic acid, for example may ’be transfom 
lactide (ii), which is distinguished as digh collide. 


CHj-H(^ /Cv '0 




CH, 


O 

I 



Dicarboxylic Acids 

Jus, as ethyl alcohol gives acctic^acid 

HO y OC C C 8 OOH Cmomover, other glycols, such as ny-pmpylene 

, . ruirail CH -CH,-OH, which contain two -CHs OH 

glycol, CH 2 (OH) Cli 2 v.n 2 w , , , crlvcol it is possible by 

groups, behave in the same way as ethylene g » serics 0 f 

this and many different methods to pr e P a ™ a (CO oH),. These 

dicarboxylic acids of the general formu a ; (CO ^ 

compounds may also be considered as of h d y rogen , 

by the substitutton of the carboxy g-P £ on - 

and since they contain two such groups, tney 

The first few members of this homologous series arc : 

COOH 


Oxalic acid 
Malonic acid 

Succinic acid 
/iosuccinic acid 


C 2 HA 

c 3 h 4 o 4 

C 4 H 6 O t 

c 4 h„o 4 


or 


or 


or 


or 


toon 

, COOH 
CI1 2 < C001I 

CII 2 - COOH 

tiV-cooii 

„ fI /COOH 
CH 3 CII< c00 h 
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Oxalic acid, HOOC-COOH, occurs in rhubarb (Rheum), the 
dock ( Rumex ), sorrel ( Oxalis acetosella ) and other plants, usually 
in the form of its potassium hydrogen salt, or as calcium oxalate ; 
when sorrel is ground up with water, the filtered solution gives with 
calcium chloride a precipitate of calcium oxalate. Oxalic acid is 
formed when alcohol, glycol, sucrose, fats, and a great many other 
organic substances are oxidised with nitric acid, and may be obtained 
by numerous reactions, of which the following are instructive : 

Its sodium salt is formed when sodium is heated at about 350° in 
an atmosphere of carbon dioxide, 

2C0 2 +2Na = C 2 0 4 Na 2 , 

and when sodium formate is heated at about 440° ; it is also pro- 
duced (in the form of its ammonium salt), together with several 
other compounds, when an aqueous solution of cyanogen (p. 353) 
is kept for some time, a change which is analogous to the conversion 
of methyl cyanide into acetic acid, 

CN COONH 4 

6n + 4H a° = do • onh 4 

Each of these three reactions affords a means of synthesising oxalic 
acid from its elements, since carbon dioxide, formic acid, and 
cyanogen may be obtained from their elements. 

Oxalic acid may be prepared in the laboratory by gently warming 
sucrose (cane-sugar) with about six times its weight of concentrated 
nitric acid (sp.gr. 1-3). 

The operation is performed in a good draught-cupboard, and as 
soon as brown fumes appear the heating is temporarily discontinued, 
in spite of which oxidation proceeds very vigorously ; after some 
time the solution is evaporated, a little more nitric acid being added, 
if necessary, to ensure complete oxidation. The syrupy product, 
when practically free from nitric acid, is dissolved in a little water, 
and the crystals which separate are purified by recrystallisation 
from water ; further quantities may be obtained by evaporating the 
mother-liquor. 

Oxalic acid is manufactured by heating sodium formate with 
sodium carbonate at about 360°, 

H COONa _ COONa 
II-COONa ~ COONa + ” 2 * 
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the sodium oxalate so formed is boiled with milk of lime and the 
precipitated calcium oxalate is washed with water and decomposed 

with dilute sulphuric acid, 

C 2 0 1 Ca+H 2 S0 1 = C 2 0jH 2 +CaS0 4 ; 

the solution of oxalic acid is then filtered from the calcium sulphate 

and evaporated to crystallisation. M 

Oxalic acid, until recently, was manu actured from .«**«*. 
which consists of organic compounds (cellulose, lignin, c •) 
related to sucrose ; when heated with alkalis, these compounds 

undergo decomposition giving oxalic acid. 

The sawdust was made into a paste with a concentrated solution 
of the hydroxides of sodium and potassium, and then hea ted . n 
pans at about 240° ; afterwards the mass was extracted with w awr. 
the solution of potassium and sodium oxalates was boiled with l.me, 

and front sucrose 

involves complex changes, during which 
— CH(OH)CH(OH)— groups undergo both d I 

(scission) and oxidation. 

Oxalic acid crystallises from water in hydrated P"“^ 
C 2 H 2 0 4 ,2H 2 0 ; it is freely soluble in alcoho and m ‘ • 

in water, but is only sparingly soluble in cther - . h 

heated, it melts at about 100’ and loses its water of h y dra,, °" ’ 
anhydrous acid sublimes at about 150’, but ,f heated mor s rong , 
it decomposes into carbon dioxide and formic acid (p. 161) 
decomposition products, 

HOOC • COOIl H • COOH+ C0 2 — - H..O+ CO+ C0 2 ; 

the anhydrous acid, best prepared by boiling the crystals 

with carbon tetrachloride 1 in a distillation flask, is very } g 

and is sometimes used as a dehydrating agent. . . j 

Oxalic acid is decomposed by concentrated sulpliuru: acid, but 

only when the mixture is heated above about ) ( 

formic acid), __ .. ~ 

HOOC COOH = C0 2 +C0+H 2 0 ; 

it is a feeble reducing agent, precipitates gold from 1,s soI,lt ^^ 
and is readily oxidised by warm acidified permanganate (or chlorine 

1 The water vapour passes over with the tetrachloride. 
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water) by which it is converted into carbon dioxide and water ; 
this reaction is employed for the volumetric estimation of oxalic 
acid and also in standardising permanganate solutions, 

HOOCCOOH+O = 2C0 2 +H 2 0. 

Oxalic acid is acid to litmus, decomposes carbonates, and attacks 
certain metallic oxides ; it is dibasic. Most of its salts except some of 
those of the alkalis and ammonia are almost insoluble in water ; 
even sodium oxalate is only sparingly soluble in the cold. 

Ammonium oxalate , C 2 0 4 (NH 4 ),,H 2 0, is decomposed, giving 
oxamide, when it is carefully heated, just as ammonium acetate 
yields acetamide, 

COONH, _ CO-NH 2 

I — I + Zn 2 U , 

coonh 4 conh 2 

when heated with phosphorus pentoxide it gives cyanogen (p. 353). 

Potassium oxalate , C 2 0 4 K 2 ,H 2 0, is readily soluble in cold water, 
but potassium hydrogen oxalate, C|0 4 KH, which occurs in many 
plants, is more sparingly soluble ; the latter forms with oxalic acid 
a crystalline compound, C 2 0 4 KH,C 2 0 4 H 2 ,2H 2 0, which is known 
as ‘ salts of sorrel,’ or potassium quadroxalate ; this salt is used in 
removing iron-mould and ink-stains, as it converts the iron com- 
pounds into soluble iron potassium oxalate. 

Silver oxalate, C 2 0 4 Ag 2 , is obtained in crystals when silver nitrate 
is added to a neutral solution of an oxalate ; it is only sparingly 
soluble in water, and the dry salt explodes when it is quickly 
heated. 

Calcium oxalate, C 2 0 4 Ca,H 2 0, occurs in crystals in the cells of 
various plants, and is precipitated when a solution of a calcium salt 
is added to a neutral or ammoniacal solution of an oxalate ; it is 
insoluble in water, and also in acetic acid. 

Oxalic acid and its salts are used to a considerable extent in 
dyeing, in photography (as developers), and in analytical chemistry. 
The metallic salts are all decomposed when they are heated with 
concentrated sulphuric acid, giving carbon dioxide, carbon mon- 
oxide, water, and a sulphate ; they are also decomposed when they 
are heated alone, but in neither case is there any appreciable charring. 
Oxalic acid and its soluble salts are poisonous. 

The detection of oxalic acid or of an oxalate is chiefly based on 
{a) the behaviour of the substance when it is heated alone or with 
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Oxalic acid, like other compounds rvluch are^Hch m oxygen, 
“e!; “ing h\Xen chlorwi'and the oxides 5 carbon. 

Dimethyl oxalate, CH^OOC-COOCH is a crystalline com- 

lysed by boiling water , and is sometimes employ P 

of pure methyl alcohol. . , . 

Diethyl oxalate, C,H s OOCXOOC,^^ 
similar manner, or by heating 1 1 c W r * spann ^| y soluble in 
carbon tetrachlor.de ; it boils at 186 , and s , ^ arc 

water. It may be noted that the methyl - £ " ctc . cstcrs 
often crystalline, even when the ethyl, propyl, d y 
are liquid at ordinary temperatures. 

Oxamide, NH,CO.CO.NH„ is formed 
product in the conversion of cyanogen e asi,y 

(p. 353) ; also when ammonium oxalate » . J grated 

= 2.1 ts » «ss. of — - 

eSte C^ l OOC.COOC,H. +2 NH,-NH,CO.CO.NH, + 2CH,M. 

I. U crystalline, sub.imcs when hea^, andU pmc^V ^ 
in water ; by boiling alkalis, it is si y 
just as acetamide gives an acetate, 

NH, ■ CO • CO* NH t +2NaOH = NaOOCCOON.+2NH,. 

Glyoxal, CHO-CHO, the 

oxalic acid, is produced by rhe oxtdat.on of g y ^ acctyknc 

nitric acid under particular con 1 10 > 70-80 5 ; this Iasi 

through an aqueous solution of aur.c chlor.de at 711 

reaction is also a process of oxidation, 0 

CH' : CH+0,+2H,0 — • (HO),CH CH(OH), * CHO CHO . 
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It reduces ammoniacal silver oxide and combines with sodium 
hydrogen sulphite (2 mol.). 

Glyoxal is prepared by oxidising acetaldehyde with selenium 
dioxide or by hydrolysing with water the compound, 

SO*<q> CH • CH <q> SO., 

which is formed by the action of fuming sulphuric acid on tetra- 
chloroethane. 

Its aqueous solution gives on evaporation a colourless poly- 
meride, paraglyoxal (C 2 H 2 0 2 )„ ; when this substance is distilled 
with phosphorus pentoxide it affords a green vapour, which con- 
denses to jellow crystals, melting at about 15°. 

Malonic acid, CH 2 (COOH) 2 , the next homologue of oxalic 
acid, has already been mentioned, and the preparation of its diethyl 
ester from chloroacetic acid has been described (p. 206). 

If, instead of the diethyl ester, the free acid is required, the 
product of the action of potassium cyanide on potassium chloro- 
acctate is mixed with about twice its volume of concentrated 
hydrochloric acid, and the solution is saturated with hydrogen 
chloride ; the clear liquid is then decanted from the precipitated 
potassium chloride, evaporated to dryness on a water-bath, and the 
malonic acid extracted from the residue with ether. 

Malonic acid was first prepared by oxidising malic acid (p. 280) ; 
hence its name. It occurs in sugar-beet, is crystalline and readily 
soluble in cold water ; it melts at 136°, and at higher temperatures 
decomposes into acetic acid and carbon dioxide, 

CH..(COOII), = CH 3 .COOH+CO.,. 

All other dicarboxylic acids, in which both the carboxyl groups 
are united to one and the same carbon atom, are decomposed in a 
similar manner when they arc heated alone or in aqueous solution 
(at 100 - 200 °) ; this is a very important general reaction. 

When malonic acid (or diethyl malonatc) is heated with phos- 
phorus pentoxide it gives carbon suboxide, CO:C:CO, a gas, which 
combines with water to form malonic acid. 

Succinic acid, HOOC CH 2 CH 2 COOH , was first obtained by 
the destructive distillation of amber (Lat. succinum ) ; it occurs also 
in small quantities in lignite (fossil wood), in many plants, and in 
certain animal secretions. It is formed during the alcoholic fer- 
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mentation of sugar, and in several other fermentation processes; 
"'^Vcarbf ryntLsiledlrtm its elements in the following manner^: 

is boiled with potassium cyanide in aqueous alcoholic 
ethylene dicyanide which is thus formed, 

C a H 1 Br,+2KCN = C 2 H,(CN) s +2KBr, 

is decomposed by boiling alkalis or mineral acids, giving succn.c 
acid and ammonia (footnote, p. 160). 

Succinic acid may also be 
sodiomalonate and iodine (p. ) 

diethyl malonate) and ethyl chloroacetate, 

CH,.CO CHN. + CH,Cl.COOC,H. - CH. CO CH CH. COOC.1 . 

ioOC.H. COOC*Hi+NaCl 

CHrCOCH-CH.COOC.H, 

iooc,H» 


+ 3KOH 


cii* ch 3 cook oh 

(Acid hydrolytis, p. 202) CH a -COOK+ 

Succinic acid is usually prepared commercially by reducing 
maleic acid (p. 347). Ms an acid, unpleasant 

It crystallises in prisms, melts at 18 JJ ether, 
taste, and is only sparingly solu ) c 1 w j t h t |, e exception of 

It is a dibasic acid, and its salts, t e sit . ’ j u y c ; n water, 
those of the alkalis, are sparing y so 'i c bljshcd not only by its 
The constitution of succinic acid is e ^ and othcr 

synthesis from ethylene dibromi on , y aUerna tive formula 

compounds, but also, by the assicned to uosuccimc 

for a dicarboxylic acid, C«H # 0«. must be ass.gnea 

acid (p. 279). is formed W hen succinic acid 

Succinic anhydride, C 4 H 4 3 ’ sses oV er unchanged, 

is distilled, but a large proportion » of the P ^ oxychloride and 

It is prepared by heating the aci P oxychloride coin- 

then isolating the product by distillatio , h > ts the 

bines with the water which is produced, and I 1 tox ide, 

reconversion of the anhydride into the acid. Phospho P 
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acetyl chloride, or some other dehydrating agent may be used in 
the place of the oxychloride. 

Succinic anhydride is crystalline, and melts at 120° ; it resembles 
the anhydrides of the monocarboxylic acids in chemical properties, 
and when boiled with water or alkalis it is reconverted into succinic 
acid or a succinate. 

In the formation of succinic anhydride one molecule of the acid 
loses one molecule of water, whereas in the case of the anhydride 
of a fatty acid ttco molecules of the acid take part in the formation 
of the product, 

CH 2 COOH CH,CO\ 

iH 2 COOH ” iH 2 .CO/° +H ’° 

CHg-COOH 
CHj-COOH 

Many other dicarboxylic acids give anhydrides, which are of the 
same type as succinic anhydride, and which are called inner an- 
hydrides ; as a rule, however, this reaction is restricted to those 
acids in which the two carboxyl groups are separated by two or 
three carbon atoms only. 

Succinyl chloride, Cl-COCHoCHoCOCl, 1 is formed when 
succinic acid is treated with phosphorus pentachloride, the inter- 
action recalling that which occurs in the formation of acetyl chloride, 


CH 3- C °\ 

ch,co/ 0+H2 ° 


CM.COOH CH,COCl 

+2PC1 = 1 

CHoCOOH 0 CH 2 -COCl 


+2P0C1 3 +2HC1. 


It melts at 16°, boils at 193°, and is decomposed by alkalis, yielding 
a succinate. 

Succinamide, NH 2 -COCII 2 -CH 2 -CO-NH 2 , is prepared by 
shaking diethyl succinate with concentrated ammonia ; it is crys- 
talline, decomposes at about 200° into ammonia and succinimide, 
and is only very sparingly soluble in cold water. When heated with 


1 It is difficult to decide from its reactions whether succinyl chloride 
should be represented by this formula or by 
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water it is slowly converted into ammonium succinate, just as 
oxamide is converted into ammonium oxalate, 

CH,CONH 2 CH 2 -COONH 4 

<!:h 2 .co.nh 2 2 (Vcoonh, 

Succinamide cannot be obtained by distilling ammonium succinate, 
although oxamide and acetamide are produced by the distillation 
of the corresponding ammonium salts; this is merely because 
when succinamide is heated, it is converted into succmim.de. 

Succinimide, C 4 H 5 0,N, is also formed when succinic anhy- 
dride is heated in a stream of dry ammonia ; it melts at 1-6 and s 
readily soluble in water, from which it crystallises with one | molecu e 
of solvent. When boiled with water, mineral acids, or alkalis, 
converted into succinic acid or a succinate, 


H C A 

H2 I NH 

HjC^/ 

0 


+ 211 


s O = | 
CH. 


CHj-COOH 


COOH 


+ NH,. 


The constitution of succinimide, shown above, is band princi- 
pally on its relation to succinamide ; it may be regards 
substitution product of ammonia-, ha, 

r a,oms °co y sr n crco- n t?!: » n y “ . 

monmsubstitutio7"prodm:t of^am*monia. i-any other dicarbosy.ic 

acids yield i nudes similar in constitution to succn.rn.de (p. 521). 

/josuccinic acid, CH 3 CH(COOH) 2 , is isomeric with succinic 
acid • it may be prepared by treating diethyl sodiomalonatc with 
methyl iodide and hydrolysing the product, a synthesis which shows 
that wosuccinic acid is methylmalonic acid , 

CHNa(COOC 2 H 5 ) 2 +CH 3 I = CH 3 CH(COOC 2 H 3 ) 2+ NaI. 
r, is crystalline, sublimes readily, and melts a, 130" with decom- 

dioxid e, iX ^amd^cac^- - ■ 

Hydroxydicarboxylic Acids 

With the exception of oxalic acid, dicarboxylic acids in general 
are" "“Hiding substitution products in exactly the same 
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way as are the fatty acids ; malonic acid, for example, may be 
converted into chloromalonic acid, CHC1(COOH) 2 , hydroxy- 
malonic acid, HOCH(COOH) 2 , etc.; succinic acid, into bromo- 
succinic acid, COOH -CHBrCHo- COOH, dibromosuccinic acid, 
COOH CHBr-CHBr-COOH, or the corresponding mono- and di- 
hydroxysuccinic acids, and so on. 

Some of these compounds — namely, the hydroxy-derivatives— 
occur in nature, and for this and other reasons are of considerable 
importance. 

Malic acid, HOOC • CH(OH) • CH 2 • COOH ( monohydroxysuccinic 
acid), occurs not only in the free state, but also in the form of 
salts, in many plants, more especially in (unripe) apples, from which 
it derives its name ( Acidum malicum), in grapes, and in the berries 
of the mountain-ash. It may be obtained by boiling bromosuccinic 
acid with water and silver oxide, a reaction exactly analogous to the 
formation of lactic acid from a-bromopropionic acid, 

CHBr • COOH CII(OH) • COOH 

+Ag-OH = i 

s -COOH CH # COOH 

As, therefore, bromosuccinic acid may be prepared by brominating 
succinic acid, and succinic acid may be synthesised in the manner 
already described, it is possible to obtain malic acid from its elements. 

Malic acid may be produced by treating aminosuccitiic or aspartic 
acid (a compound which may be obtained indirectly from asparagus ') 
with nitrous acid, just as lactic acid may be prepared from a-amino- 
propionic acid, 

CH(NH 3 )COOH CH(OH)COOH 

I +HO-NO = I +N t +H a O. 

CM, COOH CbL COOH 

Malic acid is prepared commercially by heating maleic acid (p. 347) 
with steam under pressure, or from the juice of unripe berries of 
the mountain-ash. 

Malic acid melts at 100° and is readily soluble in water and alcohol, 
but only sparingly so in ether. Its metallic salts and esters are of 
little importance. 

1 Asparagine, COOHCH(NII : )-CH 2 -CO-NH., the amide of aspartic 
acid, occurs in asparagus ; when it is boiled with acids or alkalis it is con- 
verted into aspartic acid, COOH- CH(NH) S - CH 2 - COOH (aminosuccinic 
acid, p. 624). 
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Many of the reactions of malic acid may be foretold from a con- 
sideration of its constitution, which is fully established by its methods 
“f formation. Since, for example, it is a hydroxy-denvanve 
succinic acid it might be expected that, on reduction with hydnodic 
aad at a high temperature, ft would be converted into succm.c acd 
iust as lactic acid is converted into propionic acid , also that, when 

heated with hydrobromic acid, it would yield 
a change which would be analogous to the conv s.on of .c 
bromopropionic acid. Both these changes actually take place, 

COOH-CH(OH)CH,COOH+ c 2HI- HiCOOH+no+Ii 

COOH-CH(OH) ■ CH,- COOH+HBr - ^ . C00H +Hl O. 

When malic acid is heated, it does no, form malic 
might have been expected from the behavtour of succmu: acd, 
but is slowly converted into fumanc and and water (p. a4/), 

CH(OH)- COOI1 CHCOOH 

_ || +11 2 W. 

£h 2 COOH CHCOOH 

Although the malic acid obtained 
the same chemical changes as that preparcc respects; 

acid or maleic acid, the two acids are not identic lm jH . 

they differ principally in their action on po! J r,std 8 ’ 

isrofthe^ — 

juice, a considerable quantity of argo > , ,m P P tarta ric acid of 
tartrate, is deposited, and it is from this salt that the tartaric 

commerce is prepared, , 

The crude, coloured deposit i. boiled ^th ^ rcUy 

the solution is then nearly ncutra isc norma l potassium 

insoluble calcium tartrate is precipitated 
tartrate and chloride remain in solution, 

2C.H s O.K + Ca(OH), - C.H.O.Ca+C.H.O.K^H.O 

the calcium salt is separated, and the £*£* 

chloride when a further quantity of calcium titrate > P 

C 4 H 4 O e K*+CaCl* = C 4 H 4 O.Ca+2KCl. 
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The calcium tartrate from these two operations is washed with 
water, and decomposed with dilute sulphuric acid ; finally, the 
filtered solution of the tartaric acid is evaporated to crystallisation. 

Other non-volatile acids, which cannot be extracted from their 
impure aqueous solutions with organic solvents, are isolated by 
methods similar to those used for tartaric and citric acids (p. 284) 

The acid obtained from argol is distinguished as ^-tartaric acid ; 
other tartaric acids or dihydroxy-succinic acids can be obtained 
from succinic acid, and, therefore, from their elements, by reactions 
corresponding with those employed in the synthesis of malic acid. 
Dibromosuccinic acid is first prepared by treating succinic acid 
with bromine and red phosphorus (p. ISO), and two hydroxyl groups 
are then substituted for the two atoms of bromine in the usual way — 
namely , by heating the dibromo-derivative with water and silver oxide, 


CIIBr-COOH 

CHBr-COOH 


+2Ag-OH 


CH(OH)COOH 


(*TI(OH)- 


COOH 


+2AgBr ; 


the product is a mixture of racemic and merotartaric acids (p. 302). 

A similar mixture of tartaric acids may also be obtained 
synthetically from glyoxal (p. 275), which, like other aldehydes, 
combines directly with hydrogen cyanide, 


CHO CH(OH)-CN 

I +21ICN =i 

cno ci i(oi i) cn 


the dicyanohvdrin thus produced is decomposed by mineral acids, 
giving tartaric acids, just as ethylene dicyanide yields succinic acid, 


CH(OH)CN 

(jii(OH).cn +4H2 ° 


CH(OH)COOH 
I +2NH, 

CH(OII)COOH 


d-tartaric acid (obtained from argol) forms large transparent 
crystals, and is readily soluble in water and alcohol, but insoluble 
in ether ; it melts at about 167’, but not sharply, as some decom- 
position takes place. 


When heated for a long time with water at about 175°, it is con- 
verted into racemic and m«otartaric acids (p. 302), but when strongly 
heated alone it chars and yields a variety of products, among others, 
Pyruvic acid and pyrotartaric acid (p. 288). 

Tartaric acid, like other dicarboxylic acids, forms both normal 
and hydrogen salts, some of which are of considerable importance. 
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in cold water, in wmen respect , . u 1S 

salt (test for potassium), and dso vto* a mincral acid) 

solution of normal potassium tartrate is treate 

C 4 H 4 0 6 K 2 +HC1 = C 4 H 5 0 6 K+KC1 ; 
purified argol is known in commerce as cream of tartar 

solution (p. 312). p rcc ipitated when a solu- 

Calcium tartrate , C 4 H 4 0 6 Ca,41 2 , P . of a tartrate ; 

tion of a calcium salt is added to a when the solution 

it is readily soluble in potash, but is prccipitateu 

is boiled. KfShOHH.O (potassium antimonyl 

Tartar emetic , C 4 H 4 0 6 k(bbU),$ 2 i,.,.i rn „ cn tartrate with 

tartrate), is prepared by heating P olass ‘'‘ ^ ; n wat cr, and is 
antimonious oxide and water ; it is readily soluble 

used as an emetic and as a mordant. on the 

The detection of tartaric acid or of a ^ alone> 

fact that the solid compoun rap y ^ ars when heated with 

giving an odour of burnt sugar , • oxides of carbon 

concentrated sulphuric acid, suI ? “ r f ‘® h (ral solution with an 
being evolved ; (i b ) on the behaviour of the neutral >f ^ 

ammoniacal solution of silver oxi t, j behaviour of 

is deposited when the mixture is warmed , (0 ™ that of 

the neutral solution with calcium chloride , (in th old ^ ^ 

the precipitated calcium salt (above) ; (rf) on the 
acid with a solution of a potassium sa t (a ove • formula 

That the constitution of tartaric acid , expressed by ^ ^ . jt 

given above is shown by the met 10 so ^ | s a 

U a dihydroxy-derivative of succinic acid just as 
monohydroxy-derivative of that compound. 

. The precipitation is hastened by rubb.n* the inner wall of the con- 
taining vessel with a glas3 rod. 
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On reduction with hydriodic acid, tartaric acid is converted first 
into malic, then into succinic acid, 


CH(OH)-COOH 

I i 2HI 

(:h(oh).cooh 

CII(OH)-COOH 

(!:h(oh)-cooh +4HI 


CH(OH)-COOH 

+H 2 0+I a , 


* COOH 
CH 2 COOH 




COOH 


+2H,04-2I 


2 i 


whereas, when heated with concentrated hydrobromic acid, it 
yields dibromosuccinic acid, as was to be expected, 


CH(OH)-COOH CHBr-COOH 

iH(OH) ■ COOH +2HBr “ dlHBr • COOH +2Ha °' 


Four dihydroxysuccinic acids are known — namely, dextrotartaric 
acid (the compound obtained from argol), laevotartaric acid, racemic 
acid, and me$otartaric acid. These four compounds have the same 
constitution, and are all represented by the formula, 


COOH CH(OH).CH(OH). COOH ; 

they differ, however, in certain physical properties, as, for example, 
in their crystalline form, but more especially in their behaviour 
towards polarised light ; the relationship between these physically 
different modifications is discussed in the next chapter. 

Citric acid, C 0 H 8 O 7 , is a hydroxy-tricarboxylic acid of consider- 
able importance ; like tartaric acid, it occurs in the free state in the 
juices of many fruits and is found in comparatively large proportions 
in lemons, in smaller ones in unripe currants, gooseberries, rasp- 
berries, and other fruit. 


It is prepared on the large scale from lemon-juice, which is first 
boiled, in order to coagulate and precipitate protein-like matter, 
and then neutralised with calcium carbonate ; the calcium salt, 
which is precipitated from the hot solution, is washed with water, 
decomposed with the theoretical quantity of dilute sulphuric acid, 

and the filtrate from the calcium sulphate is evaporated to crystal- 
lisation. 

It is also now made by the action of certain moulds, Penicillium 
and Aspergillus, on molasses. 

Citric acid forms large transparent crystals, which contain one 
molecule of water and liquefy at 100°, whereas the anhydrous add 
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melts at 153° ; it is readily soluble in water and fairly so in alcohol, 
but insoluble in ether. Like tartaric acid, and several other 
hydroxy-acids, it has the property of preventing the precipitation 
of certain metallic hydroxides from solutions of their salts. Solu- 
tions of ferric chloride and of copper sulphate, for example, do not 
give a precipitate with potassium or ammonium hydroxide if citric 
acid is present ; on account of this property, citric acid and tartaric 
acid are employed in analytical chemistry and in calico-printing. 

Since citric acid is a tricarboxylic acid, it forms, like phosphoric 
acid, three classes of salts — as, for example, the three potassium 
salts, C 6 H 5 0 7 K 3 , C 8 H 6 0 7 K 2 , and C 6 H 7 0 7 K, all of which arc readily 
soluble in water. Calcium citrate , (C 6 H 5 0 7 ) 2 Ca 3 ,4H 2 0, is not 
precipitated when a solution of a calcium salt is added to a neutral, 
dilute solution of a citrate, because it is readily soluble in cold water ; 
on the application of heat, however, a crystalline precipitate is 
produced, as the salt is less soluble in hot than in cold water. I his 
behaviour, and the fact that the precipitate is insoluble in caustic 
potash, distinguishes citric from tartaric acid. 

When heated alone, citric acid chars and gives irritating vapours, 
but no smell of burnt sugar is noticed ; it also differs from tartaric 
acid, inasmuch as it does not immediately char when it is gently 
heated with concentrated sulphuric acid. 

Citric acid may be obtained synthetically by a scries of reactions, 
which show it to be a hydroxytricarboxylic acid of the constitu- 
tion (iv) : 

Symmetrical dichloroacctone, CHgCl-CO-CIIjCI, which may be 
obtained by oxidising glyceryl ay-dichlorohydrin with chromic 
acid, combines with hydrogen cyanide, forming the cyanohydrin (i) ; 
this product, like other compounds containing the — CN group, is 
converted into a carboxylic acid (il), by boiling mineral acids. I he 
two atoms of chlorine in this acid may now be displaced by CN 
groups, by heating the potassium salt of the acid with potassium 
cyanide in aqueous solution, and this dicyano-derivative (in) may 
then be converted into citric acid (iv) by boiling it with hydro- 
chloric acid, 

CH.Cl CH,C1 CH, CN CM, COOH 

C(OH) CN — ► C(OH) COOH -> C(OH)COOH — C(OII) COOH 

Al^CI iu t Cl (I^H,-CN CH.COOH 

II 


I 


HI 


IV 
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When heated alone at 175°, citric arid is converted into aconitic 
acid, just as malic is converted into fumaric acid, 

CHj-COOH CH-COOH 

I II 

C(OH) • COOH = C COOH+H t O ; 

CHj-COOH CHj-COOH 

when carefully warmed with sulphuric acid, it yields acetonedicarb- 
oxylic acid (p. 212), and on reduction with hydriodic acid it is 
converted into tricarballylic acid (propane- 1:2:3 -tricarboxylic acid), 

COOH • CH 2 • CH(COOH) • CH, • COOH. 

SUMMARY AND EXTENSION 

The monohydroxymonocarboxylic acids form a homologous 
series, C„H 2n (OH) • COOH (n=0 in the case of carbonic or 
hydroxyformic arid) ; there are two structural (a-, /?-) isomerides, 
C 3 H a 0 3 , whereas five acids of the molecular formula, C 4 H 8 0 3 , are 
theoretically possible, of which three (a-, j8-, y-) are derived from 
butyric acid and two (a-, /?-) from wobutyric acid. 

Nomenclature. The names of these compounds are those of the 
parent fatty acids, with the prefix hydroxy and a letter or numeral 
(usually the former) to show the position of the substituent. 

General Methods of Preparation. (1) Monohalogen derivatives of 
the fatty acids arc hydrolysed with silver (hydr)oxide or with dilute 
aqueous alkalis. 

(2) Amino-acids are treated with nitrous acid, 
CHj-CH(NH.)COOH + HONO = CHs-CHtOHJ-COOH+N.+HjO. 

(3) Aldehydes or ketones are combined with hydrogen cyanide and 
the cyanohydrins are hydrolysed with concentrated hydrochloric acid 
(not with an alkali), 

CH PH pi_r 

cii;>CO ► ch^> C (° h )-CN ► CH 3 >C (° H > C00H ; 

although only a-hydroxy-acids are thus obtained, this method is of 
great importance particularly in the study of the monosaccharides 
(p. 320). 

(4) Aldehydes or ketones are treated with an a-bromo-derivative of 
an ester in the presence of zinc (Rcformatsky reaction), 

>CO f CHRDr- COOEt f Zn = >C(OZnBr) CHR-COOEt ; 
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the products, decomposed with a mineral acid, give fi-hydroxy- 
acids. 

(5) Ketonic acids are reduced with sodium amalgam and water, 
etc 

CH. CO CH. CH..COOH+2H - CH. CH(OH) CH..CH. COOH. 

hydricalt^ls^doftuads.lm.they 

:rr HO P - re,a,,vel y to the -COOH 

TLds, e.g. 

(obtained by treating an aqueous solution ^ 271) whcn 

I'; tltdVoneJhc p: -h as £ 

are^assed^as^la^tones^y^-hydroxyvaleric acid, for example, gives 
y-valerolactone, 


CH, • CH(OH) • CH, • CH, • COOH - 


CH J -Hp' ( \ 

H,C-^ 


'CO +H*0. 
/ 

CH, 


S-Hydroxy-acids behave in a similar manner, and give S-lacones. 

The lactones are usually liquids which "n' sot 

atmospheric pressure ; they are niu r “ ^ 1)y watcr (until a eon- 

equilibrium 1 bu, they are ^V-d completely 

S° ly The b Lf « of acids dcrWcd from the aldoses (p. 3.9, are 

”SS£uc Acids. Carbonic acid is no, hut 

a hydroxymonocarboxylic ac.d ; as. however, both the 6 

are combined with >C0 the acid is dibasic. (COOH), 

The dicarboxylic acids form a homologous scr.es, C n H„^u 
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(n = 0 in the case of oxalic acid) ; there are two acids, C 4 H 8 0 4 , and 
the following four having the formula, C 5 H 8 0 4 : 


Ptr ^CH 2 -COOH 
^Ha< C H.COOH 

Glutaric acid 

(Propane- 1 :3-d icarboxylic acid) 


ch 3 chcooh 

1 

CH a -COOH 

Pyrotartaric or mcthylsuccinic add 
(Propane-l:2-dicarboxylic add) 


ch,ch ! -ch<cooh 

Ethylmalonic acid 
(Propanc-l:l-dicarboxylic acid) 


ch 3 

ch 3 


>c<cooh 


Dimethylmalonic acid 
(Propanc-2:2-dicarboxylic acid) 


As the series is ascended the numbers of the isomerides rapidly 
increase, but only the normal higher acids are of much importance, 
namely : 

Glutaric acid HOOC -[CHJ 3 - COOH 
Adipic acid HOOC • [CH 2 ] 4 • COOH 
Pimelic acid HOOC [CHJ 5 - COOH 
Suberic acid HOOC • [CH,] a • COOH 
Azclaic acid HOOC • [CH 2 ] 7 • COOH 
Sebacic acid HOOC • [CH 2 ] 8 • COOH 


Nomenclature. It will be seen that all the above normal acids have 
common names, which are also often used in describing their alkyl 
substitution products. All the acids, however, may be named 
systematically as derivatives of the paraffins, as shown above. 

Preparation. (1) Glycols which contain two — CHj-OH groups 
are oxidised (p. 243). 


(...) Dicyanides, usually prepared from dibromides, are hydrolysed 
with mineral acids (p. 277). 


(3) Halogen derivatives of monocarboxylic acids are converted into 
the cyano-compounds, which are then hydrolysed, 

CH a CI COOH — ► CH 2 (CN) COOH — ► CH 3 (COOH) 3 . 

(4) Diethyl sodiomalonate is treated with an alkyl halide and the 

ester thus produced is hydrolysed ; all the acids thus obtamed contain 

t e group, >C(COOIl) 2 , and give monocarboxylic acids when they 
are heated. 


(5) Halogen derivatives of the monocarboxylic acids are treated 
with precipitated silver, 

2CHoI •CH 3 -COOH+2Ag = COOH -[CHJ.- COOH +2AgI. 
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(6) Potassium salts of hydrogen esters of dicarboxylic acids are 
submitted to electrolysis (Crum Brown and Walker), 


K;OOC CH, COOEt 
KOOC CH 2 COOEt 


+2H,0 = I 


CH,COOEt 


CH 2 COOEt 


+2KHC0 3 + H 


(7) Esters of some of the members of the senes may be reduced to 
glycols with sodium and alcohol, and the products may then be con- 
verted into higher homologues by the usual methods of pass.ng up a 

series (p. 224). 

C„H 2n < cOOEt *■ C„H 2n < ch * • OH * C"H*n < CH 2 Br * 

c,,H 2n <S::cS- c " H -<cH;'cSS!! 

The dibromidcs may also be treated with diethyl sodiomalonate, etc., 

CH*Br ~ tt CH 2 -CH(COOH) 2 — „ 

C„H tn <cH t 3 r - - *^ n H 2n <cH j .CTl(COOH)a 

XH.-CH.-COOH 

C n H 2n <cH 2 .ciI 2 COOH 

In addition to these general methods there are particular reactions 
by which a given dibasic acid may often be more easily prepared. 
Thus glutaric acid may be obtained, not only from trimethylene 
glycol through the dibromide and the dicyan.de but also by the 
condensation of diethyl malonate with formaldehyde in the presence 
of diethylamine : the product is hydrolysed and heated, 

2 CH x (COOEt) j+H • CHO — ► CH*{CH(COOEt) 2 ) t ► CH 2 (CH 2 • COOH) s . 

Adipic acid is most easily prepared by the oxidation of 
(p. 401) and pimelic acid from trimethylene d.brom.de and d.ethy 
malonate or from salicylic acid (p. 533). Suberic acid is obtained by 
the oxidation of cork or castor oil, azelaic acid by the ox.da .on 
acid and sebacic acid by heating castor oil with caustic : sock 

Properties. The dicarboxylic acids are usually crystalline th 
lower members are readily soluble in water but are not vdatde m 
steam ; as the molecular weight rises the solubility m ^tcr dim n 
ishes, whereas the solubility in ether increases. With the except, 
of oxalic acid, they are stable towards oxidising agents. 

The calcium and other salts of the higher members give cyclic 

ketones when they are heated (Part III). 

Succinic and glutaric acids, and other members ,n whu * 
carboxyl groups are separated from one another by two or by Uree 
carbon atoms, give inner anhydrides ; such acids a so give imules, of 
which succinimide may be taken as a typical examp t. 

Org. 10 
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Although succinimide is not an acid in the ordinary sense of the 
word, has a neutral reaction, and does not decompose carbonates, it 
contains one atom of hydrogen displaceable by metals. When, for 
example, a solution of potash in alcohol is added to an alcoholic 
solution of succinimide, a crystalline derivative, potassium succinimide 
(i), is produced ; this compound reacts with silver nitrate, giving 
silver succinimide (n), and the latter, on treatment with ethyl iodide, 
yields ethyl succinimide (iii), which, on hydrolysis, gives ethylamine : 


O 

I NK 
HjC^y 

0 

1 


o 

h 2 c" c \ 

I NAg 
HjC^/ 

O 

II 


o 

H,C^ C \ 

I N- 
H ,C^/ 

o 

III 




P° in,cd , out th » » hydrogen atom in the group, 
LU LHj-CO , is displaceable by certain metals, as in the cases 
of ethyl acetoacetate and diethyl malonate. The behaviour of succin- 
imide, and of other imides, shows that the hydrogen atom of an imido- 
group, CO NH-CO , is also displaceable by metals. In both 
types of compounds the metallic derivatives may be regarded as 
substitution products of the tautomeric enolic forms, — C(OH):CH— 
and C(OH):N — , respectively (p. 204). 

Many di-, tri- and poly-hydroxy-derivatives of mono- and di- 
car oxvlic acids art well-known compounds, obtained from polyhydric 
a cohols and aldehydes which occur in nature, and are described later. 


CHAPTER 18 
OPTICAL ISOMERISM 

There should be little need at this stage to iterate and emphasise 

the tapoTance of determining the constitution or structure of an 
organic compound. When this has been done, all the results of th 
study of the properties of the molecule can be «pte«ed by an 
assembly of symbols and lines, as suggested by Kckule in , 
sh ch hotvs the various groups or radicals of tvhtch the molecule 
M and also indicates their relationshtp to one ano her 
Such structural formulae play an indispcnsable ro e m the stud^ 
organic chemistry ; without thetr a.d progress would have 

ha Suuthural form ulae^as already shown, not only afford a summary 
0 f*Le Cn pToperties of compounds, bu, also allow of the pre- 
diction of others, which may not have been actually obsert ed , y 
also as a guide to methods by which a compound so repre- 

sented may be 1 bnih.up bU by ^ ^ « 

explanation of t “existence of homologous series and the relations 
Se mXmbers to one another, and the phenomena of tsomertsm, 

% t-r iMtinnc • (H Thev give no indication ot the stamiii) 
have their limitations • v*/ 1 ^ ® r \'Ut> came 

light. 
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It had long been known that quartz and certain other minerals 
rotate the plane of polarised light, some crystals turning the plane 
to the right, others to the left, when in 1815 Biot discovered that this 
property was also possessed by oil of turpentine and solutions of 
various organic compounds isolated from vegetable or animal 
products. As he pointed out, this fact proved that the property in 
question is due, in the case of the liquids and solutions, to some 
action of the molecules of the compound and not to some particular 
arrangement of these molecules in a crystal, as in the solid substances. 

It was not until 1848, however, that any progress was made with 
this problem of molecular architecture ; in that year Pasteur 
announced the results of his classic investigation of the crystalline 
forms of salts of tartaric and racemic acids. 

Tartaric acid (p. 281), is an optically active compound : its solu- 
tion rotates the plane of polarisation of polarised light, but that of 
racemic acid ( racemus , the grape), which also occurs in argol, has 
no such action and is optically inactive. The two acids have the 
same structural formula, and except for the difference in behaviour 
just mentioned, they, as likewise their salts, are identical in chemical 
properties ; their existence could not be explained. 

from each of these acids Pasteur prepared the sodium ammonium 
salts, C 4 H,O 0 NaNH,,4H 2 O, which form large glass-like crystals, 
and were thought to be identical except that the salt of tartaric acid 
was optically active in aqueous solution, that of racemic acid 
optically inactive. He then observed that in fact these salts showed 
a very remarkable difference in crystalline form inasmuch as all 
the perfect or well-grown crystals of the salt obtained from tartaric 
acid had certain small faces or facets ( a , b ) arranged in one particular 
manner, as shown in the crystal D (Fig. 20), in which these particular 
faces are darkened ; the crystals of the salt obtained from racemic 
acid, on the other hand, were of two kinds, the one being identical 
with those of the salt of tartaric acid, the other having the particular 
faces (a, b) arranged as shown in the crystal L (Fig. 20). 

The two kinds of crystals obtained from racemic acid were, in 
fact, found to be related to one another as an object, such as the 
hand, is related to its mirror-image ; a left hand, held before a 
mirror, gives an image which is a right hand, and vice versa ; simi- 
larly, a D crystal (Fig. 20), if held before a mirror, gives an image 
identical with the L crystal viewed directly. 

Having observed the existence of two kinds of crystals of the salt 
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of racemic acid, Pasteur picked out a number of each from the 
mixture, dissolved the mo kinds separately in water, and examined 
the solutions in the polarimeter (p. 308). One solution was dextro- 
rotatory— fa* is, rotated the plane of polarisation of polarised ligh 

to the right — the other was laevorotatory. , 

This highly important discovery was carefully followed up an 
it was next found that one of the sodium ammonium salts (the 
dextrorotatory one) gave an acid identical with ordinary tartaric 

acid in every respect, whereas the other salt— namely, 
rotatory one-gave an acid identical with ordinary tartaric acid 
excepmhat its solution rotated the plane of polarisation of polarised 




light to the left, to exactly the same extent as a solution of tartaric 
acTd of the same’ concentration rotated it to the ri S „, When > aqueou 
solutions of equal quantities of these two acids *ere mixed, the 
solution was optically inactive and, on evaporation, gave crystals o 
racemic acid, which could not be sorted into two kinds. 

From these results Pasteur concluded that t™ 1 ^ 8 “““ 
classed into two groups : (a) those whtch were .dtmttcal “ 

mirror-images ; (4) those which were not -dent.cal wt.h *cn m.™ 
images and could not be superposed on the latter, 
the first croup (a) have a symmetrical, whereas those of the secon 
pout { b) have i dissymmetrical • structure which determines their 

1 One molecule can be 8 U P. e T OS ^o" ^'^fits^xa’ctly 'into the space 

“ * '“ k ,,f “" y kinii °' 

symmetry. 
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optical activity. He suggested that the atoms in the dissymmetrical 
molecules might be arranged in the form of a right- or left-handed 
spiral, or at the corners of an irregular tetrahedron, or in some other 
dissymmetrical manner, but there was insufficient evidence on which 
to found any conclusion. 

This matter may perhaps be made clear by considering ordinary 
solid objects, which may be divided into two classes. ( a ) Those 
such as cubes, tea-cups, wheel-barrows, and most common objects 
each of which is identical with its image in a mirror and may be 
bisected by at least one plane into halves which are either identical 
or mirror-images of one another. Such a plane is called a plane of 
symmetry. ( b ) Those such as gloves or hands, shoes, golf-clubs, 
and motor-cars, which are not identical with their mirror-images, 
have no plane or centre 1 of symmetry, and can be made in two forms, 
related to one another as an object to its mirror-image. 

A molecule may be considered in the same way. When it has a 
plane of symmetry it exists in one form only ; when it has no plane 
or centre of symmetry, two forms are possible, related to one another 
as an object to its mirror-image. 

It was not until much later that any notable advance was made 
in the study of optically active compounds. In 1874 van’t Hoff and 
Le Bel showed, independently, that there was a definite relation 
between the optical activity and the structure or constitution of an 
organic compound ; that a substance was optically active in solution 
only when its molecule contained at least one carbon atom which 
was directly united with four different atoms or groups. Such an 
atom was termed an asymmetric carbon atom. 

When the following graphic formulae of various optically active 
compounds are examined, it will be seen that in ever}' case there is 
(at least) one carbon atom in the molecule — namely, that printed in 
heavy type — which is thus directly united with four different atoms 
or groups ; any molecule which contains one such atom is optically 
active. 

CH 3 \ /H CH 3 \ /OH 

c c 

c 2 H 5 / \ch 2 .oh u/ \cooh 

Active amyl alcohol Lactic acid 

1 A centre of symmetry is a point within a molecule from which a line, 
drawn to any atom or group, meets an identical atom or group at an equal 
distance from this centre if extended in the opposite direction. 
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(C s H 3 0 3 )\/0H h x/ ch,cooh 

c c 

H^^COOH HO /X COOH 

_ . . . Malic acid 

Tartaric acid 

That this property of rotating the plane of polarisation of polarised 
light is due to such an arrangement of the atoms in t e mo e u 
now fully established ; if by any means the structure of the t molecuh 
is so changed that it no longer contains an asymmetric carbon atom, 
the power of rotating the plane of polarisat.on also disappears 
Lactic acid (p. 269), for example, ,s optically active 1 ** "J™ 
i, is reduced with hydrogen iodide it yields propionic actd, which is 
inactive, because it does not contain a carbon atom united with 

four different atoms or groups, 

CH 3 \ /OH CH,\/ H 

h/^cooh «/\cooh 


Active 


Inactive 


Malic acid, again, is optically active, but on reduction inactive 
succinic acid is formed, 


H\ /CH 2 COOH 

c 

HO / X COOH 


H\ /CH 2 COOH 
C 

h/ Vooii 


Active 


Inactive 


A still more instructive case is afforded by acUve amyl alcohol 
(p. 120), and the following derivatives of tins alcohol, 


CH 3 \ /H 

c 

c 2 h/ Vh 2 -oh 

Amyl alcohol 

CH„ X /H 

C 

c,h/ x ch,cn 

Amyl cyanide 


CH lX /H 

C 

c 2 h/ x ch ! i 

Amyl iodide 

ch 3 \ / h 

c 

C 2 h/ ^COOH 

Mcthylcihylacetic acid 


These substances, prepared from active amyl alcoM bj^the 

usual series of reactions, are themselves optically 
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each still contains an asymmetric carbon atom ; when, however, the 
iodide is reduced to the hydrocarbon, 

CH sX /H 
C 

c,h/ \ch 3 

Dimethylethylmcthane 

two groups become identical, and the product is optically inactive. 

The proved relation between the constitution of the molecule and 
the property of rotating the plane of polarisation of polarised light, 
and van’t Hoff and Le Bel’s theory concerning the arrangement 
in space of the four atoms or groups united to an asymmetric carbon 
atom may now be considered more fully. 

According to this theory, each of the four atoms or groups, with 
which a carbon atom is united, is situated at some point on one of 
four lines, which start from the carbon atom and are symmetrically 
arranged in the space around it. It may be supposed, therefore, 
that the carbon atom is situated at the centre of an imaginary regular 
tetrahedron, and that its four valencies (by virtue of which it unites 
with four atoms or groups) act in the directions of straight lines, 
drawn from the centre of the tetrahedron to the four corners, as 
represented by the dark lines in (i). It is more convenient, however, 

4 ^ 

ii 

to omit the four heavy lines altogether and to indicate merely the 
tetrahedral arrangement of the four atoms or groups at the corners 
of the tetrahedron as in (n). 

With the aid of such figures, the study of the application of 
van t IIofF and Lc Bel’s theory is greatly facilitated and the following 
well-established facts are easily explained : 

(1) A compound of the type, CR 3 X (where R and X represent 
any atom or group)— as, for example, CH 3 C1, CHCL, CH 3 OH, 
CH3 COOM, etc. — can exist in one rorm only, because whichever 
corner of the tetrahedron is occupied by X, the result is the same. 
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(2) A compound of the type, CR.XY (that is to say, one in which 
any two atoms or groups are identical)-as, for example GHaOBr, 
CH Cl (CH^CH OH— can also exist in one form only , arrang 
mentsat the comers of the tetrahedron such as the follow, ng, 



which may appear to be different as printed, are in teahty identtoh 
(3) A compound of the type, CRXYZ-in whtch 'he carbon^tom 
is united with four different atoms or groups-can exist , ■ 

only two, different forms, which may be represented by the followmg 



Pomts such as these are most clearly unde |x.ood by acntally 
handling models of the structures concerned ; ^ViVtlrc different 

that a compound CRXYZ may exist in the two forms already shown. 

produce identical arrangements ; any wo ot the coio 

. order ro facilitate the study otM" chentt «ry. Mack and 

coloured wooden balls and flexible mi e . , ! thc b |ack balls, repre- 

iSi ~ ip- 

S,Sin° MoSmay'au" be'casily made with plastic, ne and matches. 
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one of the models are then interchanged. The two arrangements 
of CRXYZ which are thus obtained are different, as shown in the 
last figure (p. 297). 

These two arrangements, moreover, are related to one another, 
in the same way as an object to its mirror-image — that is to say, if one 
be held before a mirror, the positions of X, Y, and Z in relation to 
R, in the mirror-image, will be identical with those in the other 
model viewed directly ; for the sake of convenience, one of these 
arrangements may be distinguished by + or d, the other by - or /, 
the actual choice being immaterial. 

In accordance with theory it is now known that the simplest 
optically active substances — namely, those containing only one 
asymmetric carbon-group 1 — invariably exist in two optically active 
forms, one of which is dextrorotatory (d or +), the other laevo- 
rotatory (/ or — ), to exactly the same extent. These two forms, 
which may be represented by the figures just given, are called 
optical (physical, or stereochemical ) isomendes. The two optical 
isomerides have the same chemical properties and the same con- 
stitution or structure, and their molecules differ only in configura- 
tion, that is to say, as regards the arrangement of their atoms in 
space. 1 hey have also the same melting-point and boiling-point, 
and are identical in all other physical properties, except that, if 
solids, they usually differ in crystalline form and the crystals of the 
one, if sufficiently well-defined, are found to be related to those of 
the other as an object to its mirror-image, just as in the case of the 
sodium ammonium salts already referred to. Such crystals are said 
to be cnantiomorphous or hemihedral, and the d- and /-molecules 
which form these crystals are said to be enantiomorphously related 
to one another or to be antimeric. 

hen any substance containing one asymmetric carbon-group is 
prepared synthetically, the product is found to be optically inactive. 
When, for example, lactic acid is produced from acetaldehyde, or 
bromosuccinic acid from succinic acid, the product in each case 
has no action on polarised light. 

T his is due to the fact that the product contains equal quantities 
of the d- and /-forms, and the action on polarised light of the one 
is exactly counterbalanced by that of the other. By merely dis- 


, ‘ The term ‘ “symmetric carbon-group * is used henceforth instead of 
symmetry. 110 Carb ° n at ° m ’ SU1CC * ‘ S the moIecuIe “ "hole which lacks 
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produced synthetically, is obtained. . n „ an tities of the 

Products of this kind, which consist of equal quanUt ° 
d . and /-forms are called «//-, or 

When a dl- substance is a solid, all its cryst , > melting- 

from those of the active isomerides in crystalline 

point, solubility, density, etc. If so, e\cr> f h d 

small, consists of equal numbers of m0 ^ and 

l- isomerides. Such a crystallographic combination the 

/-forms is termed a racemic 1 compoun . onn » ’ • 

</- and /-forms when crystallised from the same “ d ^ g f()r 
a racemic compound, and the deposU is ju s ’ a j ts 0 f both 

example, a solution containing the sodium < 

"and /-tartaric acids is evaporated at temperatures -^28 , £ 
crystals of the two salts are deposited separa c , ’ 

every crystal, no matter how targe, con. " ^ f ^ 

/-molecules. Such a product is terme racemic salt, 

glomerate. Above 28° all the crystals am hose of ^ tl. race 

In the case of compounds containing may contain, 

group, no matter how many carbon a on 

or what the nature of the other atoms my £ < » ^ng - o y. 

of the carbon atoms is combined wit 1 our 1 different forms 

the compound exists only in the above three i optical yd Keren 

-namely, i-, and dl- ; a substance of the const.tut.on, 

H 


ch 3 ch 2 -ch 2 cii 2 — c-cooh, 

OH 

for example, would no. form a larger number of optica, isomerides 
than a simple substance such as lactic acid. tfic carbon . 

When, however, a compound contains tv. J 
groups, i larger number of modifications may exist, as 
by constructing models in the following mann 2 

I. Make two identical asymmetric carbon-groups. C. . > ’ • 

X The term racemic is derived from racemic acid-dMariaric acul Use 

^ b,uc ' and 

yellow balls usually found in the sets of models. 
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each of which, for convenience, may be designated + ; now remove 
y t with its rod, from both models, join the latter with a single rod, 
and lay the model on the table, so that the two red balls point 
upwards. This is one possible modification, a plane figure of which 
may be obtained by pressing the red balls outwards on the table, 
when the model will appear like this, 

r 


or 


r 

Modification I 

The removal of one of the balls, representing one of the atoms 
or groups, and the substitution for it of the more complex group 
(C, f,b,w) f still leaves each carbon-group asymmetric; in other 
words, each is now combined with the four different groups (r), 
(b), (zv), and (C, r,b,w), instead of with (r), (6), (w), and (y). 

II. Repeat the above operations, but start with two identical 
asymmetric carbon-groups, C, r, b, y, w, which are the mirror- 
images of those taken in (I), and which may, therefore, be marked — ; 
the plane projection of this model will be, 

r 


or 


r 

Modification II 

1 his form is quite different from (I), and cannot possibly be 
made to coincide with it in any position ; if, for example, (II) is 
turned over, although the positions of b and w will correspond with 
those in (I), r and r will now point downwards in (II), whereas they 
pointed upwards in (I) ; if, in fact, this model (II) is held before a 
mirror, it will be seen that it is not identical with its mirror-image, 
but that its mirror-image is identical with (I) viewed directly. 

III. If, now, two different asymmetric carbon-groups, C, r, b, to,y, 
and C, r, b, y, to, or + and — , are joined in the same manner as 




+ 
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before another modification will be obtained, which is qui 
different from (I) and (II), and which may be represented thus, 


■b 

»••• 

b 


+ 


or 


Modification III 

.Kit s rs 

asymmetric carbon-groups, identical f— ) asymmetric 

to exactly the same extent, and contain two MkoI ( as>n 

carbon-groups; as may be seen from die ^ 

(II) has a plane of symmetry. The form (I 1). a of 

will be optically inactive because the m< ^ idcntical P wit h j ts 

* m ° lcculc " hich co . n,ains 

mirror-image, this lorm i , {he ot j ier _ 

two different asymmetric «rbon^up d that each of 

but otherwise identical. Since it g d l c ; trorotat ory action 

these groups is optically acme > laevorotatory action of 

of the one is exactly counterbalanced by the lacvoroiai y 

1 other : in Cher words, the. 

this molecule is balanced or neutralist i . internally com- 

compounds of the form (III) were once r gard d as J > 

as in the case of compounds which contain > y 

■“r2-.«ss;*s 

ncce^ary 6 to determine wTci Z “elated to each other as object 


302 


OPTICAL ISOMERISM 


to mirror-image. This will be found to be the case with the forms 
(I) and (II). 

Optical Isomerism of the Tartaric Acids 

The best known example of optical isomerism in substances 
containing two asymmetric carbon-groups is that of the tartaric 
acids, investigated by Pasteur. Tartaric acid, 

COOH • CH(OH) • CH(OH) • COOH, 

contains two carbon atoms, each of which is united with four 
different atoms or groups — namely, {COOH}, {H}, {OH}, and 
{CH(OH) COOH}, and consequently, as just shown, there should 
be three optically isomeric forms of this acid, or four, if a racemic 
modification exists. 

Four modifications — namely, dextrotartaric, laevotartaric, meso- 
tartaric, and racemic acid — are, in fact, known and the first three 
compounds may be represented as follows : 



COOH COOH COOH 

rf-Tartaric acid /-Tartaric acid Mcro tartaric acid 


Alternative representations from a slightly different viewpoint are 
given below and it can be seen that the two diagrams of each 
isomeride are identical, 


COOH COOH COOH 



COOH COOH COOH 

d- Tartaric acid /-Tartaric acid Afeiotartaric add 
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For ordinary purposes the configurations shown above may be 
ifior ordinary y y , • Dro , cc tions, 


COOH 

COOH 

COOH 

1 

H— C— OH 

| 

OH— C— H 

H— C— OH 

1 

H— C— OH 

1 

OH— C— H 

H— C— OH 
| 

COOH 

d-Tartaric acid ‘ 

COOH 

/-Tartaric acid 1 

COOH 

A/«otanaric acid 


Dextrotartaric acid and l^tartanc acid - » - ^ the 
active forms. The one rotates he plane o^p ^ ^ aU other 

right, whereas the ot ti ^i Except for the differences in crystalline 
respects they are identic , P ^ thc $ame me lting-po.nt 

form already mentioned. Th y P their meta ili c salts have 

and the same solubility in i a g> ve crystallised under the same 

the same temperature; all their 

SSJ'STieTS themselves, are optically active, and correspond- 
ing salts have equal but o pp °site, rotations. ^ ^ acid . 

it ““"^seTrs mo^cule has a piano of symmetry although 

as, for example, in mel “"8 P totaU ji'f ferent substance from 
It might, in fact, be r ga pertics and of those of its salts, 

an examination of its tfhy™ • J id(;nt ical with the active forms, 
although in dtmtoal >rope« ^ optically acUve „,od.- 

all the molecules of which it is composed are 

identical. . , • s ; mp i v a crystallographic 

Racemic acid, or " ta r _’ and i aevo -tartaric acids, and is 

union of equal ^ nt ^ S ° that so i ut ion contains equal numbers 

“ d f , si * 

. Th e „«« d- and 1- he. refer merely to .he sign of rotation of die 
acids (p. 335). 
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certain methods given below. Nevertheless, racemic acid, in the 
solid state, is physically a distinct substance and not a mixture. 

Racemic acid or {//-tartaric acid is obtained, together with meso- 
tartaric acid, when ‘ tartaric acid ’ (dihydroxysuccinic acid) is pre- 
pared by any synthetical process ; also when d- or /-tartaric acid is 
heated with water at 175°. Many optically active compounds are 
more or less readily converted into the corresponding {//-substances 
when they are heated alone, or in solution, or treated with various 
reagents. This change is termed racemisation , and is due to the 
transformation of some of the d- and /-groups into the optically 
isomeric arrangements. 

It will be seen from the above examples that the existence of 
optical isomerides, and the number of such modifications, is in 
complete accordance with the theory of Le Bel and van’t Hoff, 
and a great many other cases might be mentioned in which the 
agreement is also perfect. 

The view that the atoms or groups united to carbon are not 
arranged in one plane (as represented in ordinary structural for- 
mulae) is very strongly supported by considerations based on the 
phenomenon of structural isomerism, because a planar arrangement 
of the atoms or groups would render possible the existence of 
isomerides, in cases where experience has shown that isomerism 
does not occur ; in the case of the compound, C 2 H 4 C1 2 , for example, 
two structural isomerides — namely, CH 3 CHC1 2 and CH 2 C1CH 2 C1 
— are known, in accordance with theory ; were all the atoms 
arranged in one plane, the following five isomeric compounds might 
be capable of existence, 

H H H H HQ a H H H 

ci— c— c— ci h — dr — d: — a h— d— c — h h — c — d — h a— i— h 
h t in It ii £1 k ii li 

As the number of asymmetric carbon-groups in the molecule of 
any compound increases, the number of optical isomerides becomes 
larger ; a substance such as saccharic acid (p. 312), for example, 

COOH • CH(OH) • CH(OH) • CII(OH) • CH(OH) • COOH, 

which contains four asymmetric groups, is capable of existing in 
ten optically isomeric forms. Many other examples of optical 
isomerism occur among the polyhydric alcohols, the carbo- 
hydrates and their derivatives (p. 310), and many other types of 
compounds. 
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An examination of the of any compounds 

asymmetric carbon-groups-or, in by single bonds _ 
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many modifications. rot ated about the common 
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axis, the model would pass throug u ld represent different 

of which would be -olecule. 
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cither case the compoundex^oneform^^^^^ ^ , 
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It is now possible to add anot er exai^ of such a formula, 
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an optically active substance. This method depends on the fact that 
the d- and /-components of the externally compensated compound 
give, with one and the same optically active substance, salts which 
are no longer enantiomorphously related and may differ in solubility ; 
such salts, therefore, may often be separated by fractional crystallisa- 
tion in the ordinary way. When, for example, racemic acid is com- 
bined with the optically active base, (/-cinchonine (p. 608), the 
product consists of two salts, which may be represented by ((/-acid, 
(/-base) and (/-acid, d- base) respectively ; these two salts may be 
separated from one another, and one at least — namely, that which 
is the less soluble — obtained in a pure state ; the pure acid ( d - or /-) 
may then be prepared from the salt. In a similar manner the 
inactive modification of coniine (p. 598) may be resolved into its 
components by the fractional crystallisation of the salt which it 
forms with (/-tartaric acid. 

Another method, also discovered by Pasteur, has already been 
described (p. 293) : if a solution of the sodium ammonium salt, 
prepared from racemic ((//-tartaric) acid, is left to crystallise very 
slowly at a temperature below 28°, enantiomorphous crystals (right- 
and left-handed, as shown in the fig., p. 293) are deposited, and if 
the crystals are sufficiently large and well-formed they may be dis- 
tinguished and sorted from one another. This method of separation, 
however, is seldom applicable, because the two active components 
may form a racemic substance, or, if deposited separately, their 
crystals may not be sufficiently well-defined to be distinguishable. 
Racemic acid itself cannot be resolved by this method. 

A third method which is also due to Pasteur depends on the fact 
that when certain organisms, such as yeast or Penicillium glaucum, 
are grown in a solution of a (//-substance, they may bring about 
the decomposition of one of the optical isomerides, the result being 
that, after a time, the solution contains the other modification only. 


SUMMARY AND EXTENSION 

Optical isomerism. The theory- originated simultaneously, but 
independently, by van’t Hoff and Le Bel accounted satisfactorily for 
certain cases of isomerism met with in organic compounds, notably 
that of the tartaric acids, investigated by Pasteur. In its original form 
the theory postulated that the four valencies of a carbon atom were 
directed in space with equal angles between them and showed how 
optical isomerism was connected with the presence in the molecule of 
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alkaloid, or some other optically active base, and the two components 
of the salt are separated by fractional crystallisation, as described 
above. The d- and /-acid esters are separately regenerated from the 
salts and the d- and /-alcohols are finally obtained by hydrolysing the 
esters. 

{//-Aldehydes and {//-ketones may be resolved with the aid of an 
optically active derivative of hydrazine, or other optically active 
primary base. The {//-compound gives two different hydrazones, 
which may be separable by fractional crystallisation. 

Optically active derivatives of nitrogen, phosphorus, sulphur, 
selenium, silicon and many other elements, including some metals, 
have also been prepared. In the case of nitrogen, tetra-alkylammonium 
salts of the type NR,R,R 3 R 4 X (where R lt R., R 3 , and R 4 represent 
different hydrocarbon radicals, and X a halogen atom) are treated in 
aqueous solution with the silver salt of an optically active acid. The 
product, like that formed from a dl - acid and an optically active base, 
consists of two components, which may be separable by fractional 
crystallisation ; if so, the halogen salts, regenerated from these com- 
ponents, are optically active and enantiomorphously related, unless 
they have racemised (p. 304). 

Polarimetry 

1 he nature of polarised light, and the instrument (the polarimeter) 
which is employed in the examination of optically active compounds, 
are described in text-books on physics ; but for those who are un- 
acquainted with the use of a polarimeter the following note may be 
useful. 

When the monochromatic light, obtained from a sodium or mercury 
vapour lamp, is examined with a polarimeter, and the scale of the 
instrument is set at the zero, an illuminated disc, divided by a vertical 
line, is observed, 1 and the two halves of this disc are equally bright ; 
if the vertical line is not sharply defined, the focus must be adjusted 
with the aid of the eye-piece. When now a polarimeter tube filled 
with a solution of an optically active substance is placed in the instru- 
ment (in the hollow bed) and the focus is adjusted, one-half of the 
illuminated disc becomes darker than the other. With the aid of the 
milled screw-head (which is usually placed horizontally) the movable 
graduated circle, to which the eye-piece is fixed, is turned either to 
the right or to the left, according as the substance is dextro- or laevo- 
rotatory, until a point is reached at which the two halves of the disc 
again become equally illuminated. The angle, through which the 
graduated circle has been turned from the zero, is read from the scale, 

1 This is the two-field instrument. 
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and is the angle of rotation, o„ ( + or Satisfactory observanom can 

be made only when the solution is perfectly clear and the hght ,ood , 
5-10 observations are made, and the average result is taken . the 

of the instrument should be similarly checked. 

The specific rotation of a liquid is the angular rotation (a) which 

produced by a column of the substance 1 decimetre ,n 

by the specific gravity of the substance, and ts represented by [»]» , 

, , , q P _ where / is the length, in decimetres, of the 

hence [a] D = /xsp gr ; 

column in the polarimeter tube (usually 2 decimetres). 

solvent, the flask is filled to the gra filled. The 

thoroughly mixed, and the polarunc.er tuhe^.s then^hlleU ^ ^ 

specific rotation is calculated from <- . tion a The specific 

£%&&**%»*»* " r 

of "a Substance is given by -he 

division by 100 is merely for convenience. 


r , a,) x 100 

[a]o “ 


[a] n xM. Wt. 


100 

II 


1 The letter D refers to the principal bright as, for 

If a different line is used this is indicated by giving 

T T t' of the solution is not considered as it depends almost entirely 

on that of the solvent which is used. 



CHAPTER 19 


CARBOHYDRATES 

The term carbohydrate was originally used to denote certain natur- 
ally occurring substances, composed of carbon, hydrogen, and 
oxygen, in which the ratio of hydrogen to oxygen was the same as 
in water, because such compounds might be represented as com- 
posed of carbon and water in different proportions ; the formula 
of glucose, C 6 Hj,0 6 , for example, might be written 6C+6H 2 0, a 
mode of expression which, if employed now, would be both useless 
and misleading. 

In the course of time many derivatives of these natural products, 
and many other compounds more or less closely related to them, 
have been obtained from natural sources, or prepared in the 
laboratory, and have been classed with the carbohydrates ; the term, 
therefore, can hardly be defined, as it embraces compounds which 
differ considerably in constitution. 

The carbohydrate group is one of the more important in organic 
chemistry, as it includes some of the principal components of 
plants. To this group belong : (a) The sugars, substances which 
are of great value as food-stuffs and as sources of alcohol, and to 
which the sweetness of fruits is due : ( b ) The starches, the most 
abundant of all foods : (c) The celluloses , substances of which the 
cell membranes and tissues of plants are principally composed, and 
which in the form of cotton, artificial silk, paper, wood, etc., are of 
the greatest importance in daily life. 

Sugars 

The sugars described in the following pages may be classed into 
two groups : I. The monosaccharides, the more important of which 
have the molecular formula, C 6 H 12 0 6 : II. The disaccharides , 
C,oH 22 0,i. The former are not decomposed by very dilute acids, 
but the latter readily undergo hydrolysis, yielding two molecules 
of the same or of different monosaccharides. 

AI onosaccharides 

Glucose, C 6 Hi 2 0 6 , also called dextrose, is found in large 

quantities in grapes — hence the name 
yio 


grape-sugar, by which it 


CARBOHYDRATES 


311 


was formerly known ; when the grapes are dried m the sun m the 
preparation of raisins, the glucose in the ju.ee .s deposed n ha d 
brownish-coloured nodules. It is more frequently "let with 

product (invJsugar) from alcohol, when the more read.ly soluble 
fructose remains in solution. 

A mixture of 90% alcohol ^ 

crystallisation from 80% alcohol. 

Glucose is prepared commercially by the hydrolysis of starch 
with dilute sulphuric or hydrochloric acid under pressurc (p. 327)^ 
It crystallises with water (1 “ almost 

at 86°, the anhydrous sl,hs '“" C " "f, jf ssolves j n about its own 
insoluble in anhydrous alcohol, SQ sweet as 

weight of water at ordinary tanpmtures. 1 with 

sucrose. It is not carbonised when it is gu y 
sulphuric acid (distinction from sucrose) as> 

It reacts with certain ^^^^^oH and barL g lucosate, 

for example, calcium glucosate, C c l M 6 . hie in water and 

r IT O • HaOII • these compounds are readily soluble in wa 

ai imposed’ even by carbonic acid, with the regeneration of 

81 Ablution of glucose gives a deposit of "j 

when it is warmed with an ammomaca so u so i ut ions of their 
also precipitates gold and platinum ron V' v * sium hydroxide 
salts. When a solution of glucose, to w ic P * d ee p- 

has been added, is mixed with a solut.on “ ^ is boiled. I bright- 
blue liquid is obtained ; but when t is m solution 

red precipitate of cuprous oxide is deposited, and 

becomes colourless when sufficient g ucosc is P ’ exactly the 
a given quantity (1 molecule) of glucose alway « Y 
same quantity (approximately 5 molecules) of cupric 1 
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oxide, this behaviour affords a method of estimating glucose by 
titration. 

The standard solution used for this purpose is known as Fehling's 
solution, and, as it is rather unstable, it is best prepared, as required, 
by mixing equal volumes of the following solutions : (1) 34-6 g. of 
hydrated copper sulphate, made up to 500 c.c. with water ; (2) 173 g. 
of Rochelle salt (p. 283) and 60 g. of sodium hydroxide, made up 
to 500 c.c. with water. 10 c.c. of the deep-blue solution thus 
obtained are completely decolourised by 0 05 g. of glucose, or by 
0 0475 g. of sucrose (after inversion). In the estimation of a sugar, 
the solution of the latter is slowly added to a known volume of the 
Fehling’s solution, which is kept at about 100°, until the blue 
colour is discharged. 

A solution of </-glucose is dextrorotatory, hence the name dextrose, 
and the quantity of the dissolved sugar can be determined by finding 
the specific rotation (p. 309) of the solution as, within certain limits, 
the rotation is proportional to the concentration. 1 

Glucose ferments readily with yeast in dilute aqueous solution 
at a temperature of about 20-30°, yielding principally alcohol and 
carbon dioxide (p. 330), 

C 8 H lt 0 8 = 2C 2 H e O+2CO a ; 

but at the same time small quantities of glycerol, succinic acid, and 
other substances are formed. 

It is used for preserving fruit, making syrups, caramel, etc., and 
for the production of alcohol. 

On reduction with sodium amalgam and water, glucose is converted 
into a hexahydric alcohol, sorbitol, C 6 H 14 0 6 (p. 258), by the addition 
of two atoms of hydrogen, and on oxidation with bromine water it 
yields gluconic acid, C 0 H 12 O 7 , by the addition of one atom of oxygen. 
These changes prove that glucose is an aldehyde, and as sorbitol 
contains six hydroxyl groups, one of which was produced from the 
— CHO group of glucose, five must have been already present in 
the glucose molecule : glucose is therefore a pentahydroxyaldehyde, 
C 5 H 6 (OH) 5 -CHO. On oxidation with dilute nitric acid gluconic 
acid gives a dicarboxylic acid, saccharic acid, C 6 H 10 O 8 , by the 
change of a — CH,-OH into a — COOH group. 

Glucose is slowly transformed into a pcnta-acetyl derivative, 
C 0 Il 7 O(O-CO-CH 3 ) 5 , when it is warmed with acetic anhydride and 

lor CjHuO^ [a]o is 52-6° in 10% aqueous solution. 
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«£SS£t .TKS5iK= 

^Mannrise C H O, is obtained by oxidising mannitol (p. 258) 

£S&fc8B^essKB 

5 !-= 

together with glucose, from which m* > V - ith 

lisation from water. It is also formed by ^bo.hng a 
dilute sulphuric acid. It crystallises in prisms, melts 

ferments with yeast. nnt ic-dlv active and structurally 

Mannose and galactose are both optically •« . aU 

identical with glucose, with w > chemical behaviour, 

three compounds, therefore, s o\ an d on 

Thus mannose, on rcduct, 8 sim i!n r manner galactose 

oxidation, mannonic acid , t 6 H i 2 u i » , r ,, O 

gives dulcitol, C 6 H h 0 6 , and ^ C • H, f ^ nnonic acid is 

Fructose, C 8 H 12 O e , also called X 

rotatory, 1 occurs together ^r^^vert sugar (p. 323) by taking 

honey ; it may be prepared lc f um hydroxide a corn- 

advantage of the fact that it orm. W ater, whereas that 

pound (fructosate) which is sparingly soluble in «atcr, 

of glucose (p. 311) is readily soluble. thc solut ion is 

Invert sugar (10 g.) is dissoKc in w is st i rrc d into thc 

well cooled with ice, and slaked lin ( .. so i u ble limc 

solution in small quantities at a tune, rhe^ann^y ^ # ^ 

compound of fructose is *1°° Upended in water and decomposed 

:l' n^Tevaporauoo, yields nearly pure 

frU F C Iu S ctos S e ^ tr at P 7repa?L UP by ffewdlopl 

inulin ( P . 327) on a water-bath during one hour, 
of sulphuric acid, (c>H i0()n+ iHj0 _ nCiHii0j 

» [aJ D — 93° in 10% aqueous solution. 
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The sulphuric acid is then removed by precipitation with barium 
hydroxide, and the solution is evaporated at 80°. On the addition 
of a crystal of fructose, the syrup slowly solidifies, and the crystals 
may then be purified by recrystallisation from alcohol. 

Fructose separates from alcohol in crystals, and melts at 95° ; 
it is more soluble in water and in alcohol than is glucose, and its 
taste is just about as sweet as that of the latter ; it reduces Fehling’s 
solution more rapidly than, although to exactly the same extent as, 
glucose, and may therefore be estimated by the same method as 
that used for the latter. 

Fructose ferments with yeast, yielding the same products as glucose, 
and in the form of invert sugar is used for the manufacture of alcohol. 

On reduction with sodium amalgam and water fructose is con- 
verted into two optically isomeric hexahydric alcohols, C e H 14 0 8 , 
mannitol and sorbitol ; 1 but when it is oxidised with dilute nitric 
acid or bromine water, instead of giving an acid, C 6 H 12 0 7 , corre- 
sponding with gluconic acid, its molecule is broken down and a 
mixture of tartaric acid, C 4 H 6 0 8 , and glycollic acid, C 2 H 4 0 3 , is 
produced. In boiling aqueous solution it is also oxidised by mercuric 
oxide, giving a fty-trihydroxybutyric acid , C 4 H 8 0 6 , and glycollic acid. 
It is thus proved that fructose is not an aldehyde, but a pentahydroxy- 
ketone, C 6 H 7 0(0H) 5 , and as a ketone may undergo oxidation in at 
least two ways (p. 157) ; all that is proved so far is that the >CO 
group must form the second or the third link in the carbon chain. 

Fructose, just like glucose, gives a penta-acetyl derivative, 
C 0 H 7 O(O CO.CH 3 ) 6 , when it is warmed with acetic anhydride and 
zinc chloride, and it also reacts with hydroxylamine giving an 
oxime, and with phenylhydrazinc giving a phenylhydrazone. 

Except for the important difference in their behaviour on oxida- 
tion, glucose and lmctose are not easily distinguished, except with 
the aid of a polarimeter. 

Constitutions of the Monosaccharides 

Although it has already been shown that glucose is a penta- 
hydroxyaldehyde and fructose is a pentahydroxyketone, much more 
is needed before the complete formulae of the sugars can be given. 

A most important advance towards this end was made by the 

1 The production of two optically isomeric alcohols is due to the fact that 
when the group >CO becomes >CH OH, the two forms (+ and -) of a 
new asymmetric group are generated. 
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•< .ts.rsS's £2 

converted into hexahydric acids, M 

1 M.CH(OH).CHO — M.^OI'Ol.KN c oo Hi 

- U WS^oS^ou. 
When SSS 

hyaXurou; is displaced by a hydrogen atom and unsubs.i.u.ed 
fa Thf tlvhyd“k obtained from glucose gave n-hep«ylic 

° nC 'd lit iftco" In addition to th^donce, the fact that the 

hexahydric alcohols obtained from “ Zy"t 

converted into normal secon ary y 258) proves 

reduced with hydriodi C acid and rcd phosphoais^(p^^^^)^P 

nr,™ =»-«- 

CHO CH 2 OH 

CH • OH 9° 

choh ch-oh 


CH-OH 

CHOH 

CH 2 OH 

Glucose 


CHOH 

CHOH 

CH 2 OH 

Fructose 


. The group CH,(OH) CH(OH). CH(CH,.CH,OH)- is represented 

by . t l : he sogers themselves cannot be directly reduced in this way as they 
arc charred. 
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The assumption just made, based on evidence accumulated 
during many years, is fully established by a great many independent 
facts ; (1) Although hydroxy-acids such as glycollic, tartaric and 
trihydroxybutyric acids have been obtained from the two sugars by 
oxidation, no decomposition products containing the >C(OH) 2 
group have been isolated ; (2) In the step by step ascent or descent of 
the sugar series (p. 320) each complete stage results in the addition or 
loss of a > CH(OH) group, never > CH 2 or > C(OH) 2 ; (3) The re- 
sults of the study of the optical isomerism of each of the two sugars are 
in complete agreement with those demanded by the given formulae. 

It was not so very long before it became necessary to modify the 
formulae given above in order to account for new facts. 

When d- glucose is dissolved in methyl alcohol, and hydrogen 
chloride is passed into the hot solution, two optically isomeric 
(a- and /S-) methylglucosides of the composition, CgHnOg-CHj, are 
gradually formed. These compounds do not reduce Fehling’s 
solution, and do not react with phenylhydrazine, so that their 
molecules do not contain an aldehyde group. Only one methyl 
group can thus be introduced into the molecule of the sugar, and 
although the glucosides are stable towards alkalis, they are hydro- 
lysed by dilute mineral acids giving glucose. 

These facts can be explained by assuming that the — CHO group 
of the sugar combines with methyl alcohol to form — CH(OH) • OMe, 
of which there will be two optically isomeric forms, d- and and 
that each of these forms then reacts with an — OH group of the 
same sugar molecule, with the elimination of the elements of water. 
In this way a ring compound will be produced and the stereoisomeric 
methyl glucosides are now known to be represented by the follow- 
ing structure : p . 

CH 2 (OH) • CH(O) ■ CH(OH) • CH(OH) • CH(OH) • CH • OCH,. 

Later, it was found that solid glucose exists in two stereoisomeric 
forms, each of which corresponds with one of the methyl glucosides, 
but that, unlike the glucosides, the two sugars are convertible one 
into the other by crystallisation under specified conditions. It was 
concluded therefore that in solution, the molecule of glucose may exist 
as R-CHO or R-CII(OH) e or as an oxide form (a- or f$-) derived 
from the latter by the loss of a molecule of water as indicated above. 

Other aldoses (and ketoses) also exist in two optically isomeric 
glycosidic forms (which are polyhydric oxides) and give two optically 
isomeric methyl- (ethyl-, propyl-, etc.) glycosides. 

'I be term glucoside is now reserved for such derivatives of glucose 
which, with similar derivatives of other sugars, are classed as glycosides. 
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Action of Phenylhyd razine on Glucose and Fructose 

When glucose and fructose are treated with phcnyHiydrazine 
(1 mol.), they yield phenylhydrazones, just as do other aldehyde, 

and ketones (p. 150), 

1 MCH(OHJ i XHO + NH,NHPh = M.CWOHVCH^HPh+H.O, 
M.CO.CT.-OH+NH,.NHPh - My^HPM^OH+H.0. 

Fructose 

These phenylhydrazones, when heated with an excess of phcny - 

hydrazine, undergo some unknown changes w iere y \\o ' 1 

molecules of phenylhydrazine react to form an -- 
or azone). The simplest, although possibly not the correc 

explanation of osazone formation, is that the >CH(0 18 : P 

i— - Y"\ St£ 

reduction of some of the phenylhydrazine to aniline and ammon a, 
C 6 1I 5 NH NH 2 +21I = C 6 H 5 .NH 2+ NH 3 . 

The ketone or aldehyde thus formed then reacts with another 
molecule of phenylhydrazine, with the formation of an o,azone, 

tf , 1 r\t t* rmrrf iatC OsaZOn© 

Hydrazoncs 


CH:NNHPh 

Ah- 


Intermediate 
oxidation products 

C1I:N IINPh 


OH 


Ao 


M 


M 




CH:N NHPh 
i:N NHPh 


CH,-OH 
i:N- 


NHPh 


/ 

CHO 

i:NNHPh 


M 


M 


M 


8r ^h C e‘pST.Sl P d««U of the preparation of on osazone arc given later 
(P. 461). 
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Although the phenylhydrazones of glucose and fructose are quite 
distinct substances, they yield one and the same osazone (m.p. 204°) ; 
this fact proves that the two sugars differ in constitution only as 
regards the two groups which take part in the formation of the 
osazone. 

Other sugars, as well as other types of compounds which contain 
a group — CH(OH) • CHO or — CH(OH) • CO— or CH 2 (OH) • CO—, 
yield hydrazones or osazones according as 1 mol., or an excess, of 
phenylhydrazine is employed. The phenylhydrazones of the 
sugars are usually readily soluble in water, but the osazones are 
only sparingly soluble ; the latter, therefore, are of the greatest 
service, not only in the detection and identification of a sugar, but 
also in the isolation of a sugar from an aqueous solution containing 
saline matter, etc. 

When treated with strong hydrochloric acid, the osazones are 
decomposed with the separation of phenylhydrazine hydrochloride, 
and the formation of osones , substances which contain the group, 
— CO CHO, and are therefore both ketones and aldehydes, 

CH:N*NHPh CHO 

C:N-NHPh +2H 2 0+2HC1 = CO+2PhNHNH 2 ,HCl. 

M M 

• 

As, moreover, osones may be reduced to sugars with the aid of 
zinc dust and acetic acid, the osazones, also, may be indirectly 
reconverted into sugars. A given osazone, however, does not 
necessarily yield the sugar from which it was formed ; glucosazone, 
for example, yields first glucosone and then fructose, the group, 
— CO CHO, of the osone being converted into — CO CH 2 -OH, 

MCOCHO+2H = MCOCH 2 OH. 

Glucosone Fructose 

This scries of reactions, therefore, affords a means of converting 
glucose into fructose (E. Fischer). 

The reverse change may be effected by reducing fructose to 
sorbitol and mannitol (p. 314) ; the former may then be oxidised 
to glucose. 

Glucose and fructose have been prepared synthetically from 
formaldehyde and also from glycerol. When an aqueous solution of 
formaldehyde is treated with milk of lime at ordinary temperatures. 
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a sugar-like substance called melhylenilan (Butlerow) or/«« 
(Loew) is produced. Methylenitan and former* consistof ™ ^ 

of various sugars of the composition, C 6 H, 2 6 . P 
polymerisation of formaldehyde, 

6CH 2 0 = C,H w O e - 

, • a wavs E Fischer obtained a sugar, 

Inatl' rich he succeeded - preparurg 

of the products. 

Polyhydric Monocarboxylic Acids 

As already shown, there are two types of -ga. ^presented 

one atom oToxygen^whcreas ,£e icemU molecules are broken down, 

giving two or more products the oxidation of the 

The monocarboxylic acids, P™ dutc y derived f rom the 
aldoses are readily soluble in water, an .... /_. 

common aldoses pass spontaneously into them he, one (P 287). 

with the loss of one molecule of writer ; g ^ 

for example, gives gluconohctone C 10 »• c , actones 

the optically isomene “fi cous solution, 

C.H 10 O,+H 2 O — C 6 1I 12 0 7 ; 
they are completely hydrolysed by alkalis. 

Now these lactones can be reduced with so^um^malgam an^ 

water, in the presence of Th f s reaction is of great 
the corresponding aldoses (L. 1 ische the 

importance, as it serves as a means of passing from the 

1 Unless the solution is kept acid, the lactone is hydrolysed and the sugar 
acid 19 not reduced. 


320 


CARBOHYDRATES 


corresponding aldose, which may then be reduced to the alcohol. 
The following changes, for example, are thus rendered possible : 


CO 

CHO 

CH,-OH 

1 

1 

Cl I -OH 

CH-OH 

CH-OH 

1 0 

i 

CH • OH 

1 

CH-OH 

CH-OH 
t 1 

1 

CH- 

1 



CH-OH 

CH-OH 

1 

CH • OH 

1 

CH-OH 

1 

CH-OH 

1 

CHoOH 

CH 2 -OH 

CHo-OH 

Gluconolactonc 

Glucose 

Sorbitol 


The Ascent and Descent of the Aldose Series 

An aldose containing n carbon atoms may be transformed into an 
aldose containing w+ 1 carbon atoms by the following scries of 
reactions : The aldose is combined with hydrogen cyanide, the 
cyanohydrin is hydrolysed to the carboxylic acid, and the lactone of 
this acid is then reduced as just described : 



CN 

COOH 

CHO 

CHO 

CH • OH 

CH-OH 

| 

CH-OH 

j 

[CH-OH]. - 

- [CH • OH] n - 

- [CH-OH]. - 

- [CH-OH] 

CHo-OH 

CHo-OH 

— 

CHo-OH 

— 

in , -oh 


The conversion of d-mannose, C 6 H )2 0 6 , into the aldoheptose, 
« \-mannohcptose , C,H u O : , was thus accomplished by E. Fischer, 
who, in a similar manner, transformed t/-mannohcptose into 
d -manno-octose, C 8 H 10 O 8 , and the latter into d-7Hrtwwonono.se, 
C 9 II la 0 9 ; the octosc and the nonose, like many of the aldohexoses 
synthesised by E. Fischer, do not, so far as is known, occur in 
nature, but they are very similar to the natural monosaccharides in 
many of their properties. 

An aldose containing n carbon atoms may be transformed into 
an aldose containing n - 1 carbon atoms in the following manner : 
The oxime of the aldose is heated with acetic anhydride and sodium 
acetate, whereby the hydrogen atoms of all the alcoholic hydroxyl 
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groups are displaced by acetyl radicals and the group, CH.N OH, 
is transformed into — CN+H a O. The product is a po yacety 
derivative of a polyhydric nitrile ; it gives, with an ammomaca 
solution of silver (hydr)oxide, a precipitate of silver cyanide and 
a hydroxy-compound which is subsequently hydrolyse 9 wit t e 
formation of an aldose (Wohl’s method). These changes are 
indicated below : 


CHO 

1 

CH-OH 


[CH-OH]„ 

CH.-OH 


CH:NOH 

^H’OH 

[CH-OH]„ 

CH,-OH 


CN OH 1 

CHOAc CH-OAc _ > C | HO 

[CHOAc]„ [CH • OAc] n [CHOH]„ 

iH,OAc CHj-OAc CH t OH 


A similar transformation may sometimes be accomplished in a 
simpler manner by oxidising the aldose to the corresponding 
monocarboxylic acid, and then treating the latter wit y 
peroxide in the presence of ferric acetate (Ruff s met o ), 


CHO 

COOH 


CH-OH 

CH-OH 

[CH-OH] n 

CHO 2 

j 

[CH-OH] n 

[CH-OH], 

| 

CH 2 -OH 

CHj-OH 

CHfOH 


Such interconversions are of great importance in showing the 
relationships of the sugars, and also prove that t lose so o tame 
from glucose and other straight chain structures are 1 euist 

derivatives of normal paraffins. 


Disaccharides 

Sucrose, or cane-sugar, C, 2 H 22 0,,, is very widely distributed 
in nature; it occurs in large quantities in the ripe sugar can 
(15-20%) and in beetroot (some kinds of which contain as muc i as 
20%), in smaller quantities in strawberries, pine-apples, and other 

^Practically the whole of the sucrose of commerce is manufactured 

> R • CH(OAc) • CN+ArOH - R ■ Cl 1(OAO -OI H AgC N, 

R CH(OAc) -OH + H.O - II ‘°‘’ 

RCH(OII), = RClIO+H,0. 

* R • CH(OH) • COOH + H,0, = R • CH0+C0,+2H,0. 


Org. 11 
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from beetroot and from the sugar-cane ; the processes of extraction 
are much the same in both cases, and expensive apparatus is 
required in order to obtain the largest possible yield of crystallised 
sucrose. 

The sugar-canes are crushed in hydraulic presses ; but the beet- 
roots are cut into slices, and the sugar is extracted by a diffusion 
process. These different methods are necessary because if a 
crushing process were used for beetroot such a large proportion of 
colloidal matter would be extracted that the isolation of the sugar 
would be very difficult ; in the diffusion process the sucrose passes 
through the semi-permeable cell walls whereas most of the protein 
matter is retained. The expressed juice, or the sugar solution, is 
heated with about 1 % of milk of lime in order to neutralise acids, 
and to coagulate the vegetable proteins which are always contained 
in the extract and which would undergo decomposition. The solu- 
tion is treated with carbon dioxide in order to precipitate the excess 
of lime, and filtered ; it is then evaporated under reduced pressure, 
in an apparatus heated with steam, until the syrup gives a large 
crystalline deposit on being cooled. The crystals are separated 
from the yellow or brown mother-liquor ( treacle , molasses) in a 
centrifugal machine, and purified by recrystallisation from water, 
with the addition of charcoal. 

The molasses still contain about 50% of sucrose, which does not 
crystallise from the syrup even on further evaporation, owing to 
the presence of impurities ; nearly the whole of this sucrose, how- 
ever, can be profitably extracted by adding strontium hydroxide and 
then separating the precipitated strontium sucrosate (below) from 
the dark mother-liquor by filtration. This precipitate is suspended 
in water, decomposed with carbon dioxide, and the filtrate from 
the strontium carbonate is evaporated to a syrup ; the impurities 
having been removed, the sucrose separates in a crystalline form. 
The annual production of sucrose is about 25 million tons. 

Sucrose crystallises from water in large four-sided prisms (sugar- 
candy), and is soluble in one-third of its weight of water at ordinary 
temperatures, but is almost insoluble in alcohol. It melts at about 
160-161°, and does not immediately crystallise when it is cooled 
again, but solidifies to a pale-vellow, glassy mass, called barley-sugar , 
which, however, becomes opaque and crystalline in the course of 
time. At about 190-200° sucrose loses the elements of water, and 
is gradually converted into a brown mass, called caramel , which is 
largely used for colouring liqueurs, vinegar, soups, gravies, etc. 
Warm, concentrated sulphuric acid decomposes sucrose ; when 
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a strong aqueous solution of sucrose is mixed with an equal volume 
of concentrated sulphuric acid, the mixture blackens and the 
carbonaceous product froths up, owing to the evolution of steam, 

carbon dioxide, and sulphur dioxide. , 

Sucrose is readily hydrolysed by dilute mineral acids, with the 

formation of glucose and fructose in equal quantities, 

C 12 H 22 0 n +H 2 0 = C 6 H 12 0 9 +C 6 H 12 0 6 . 

Sucrose Glucose Fructose 

Now, since fructose rotates the plane of polarisation to the left 
to a somewhat greater extent than an equal weight of glucose 
rotates it to the right, the mixture of the two sugars, which is thus 
formed, is slightly laevorotatory. When, therefore, a solution of 
sucrose, which is dextrorotatory, 1 is boiled with acids, the resulting 
solution is laevorotatory - that is to say, the direction of the rotation 
has been reversed or * inverted.’ Hence the hydrolysis of sucrose 
is usually called inversion, and the mixture of glucose and fructose 

is called invert sugar. . , 

Invert sugar is a crystalline, brownish substance extensive > used 

in the manufacture of preserves, confectionery, etc., as well as for 

the preparation of alcohol. . 

Sucrose does not reduce Fchling’s solution or show other reactions 

of an aldehyde or ketone, but does so after it has been boiled wi 
a mineral acid during a few minutes ; this behaviour, the smell 1 o 
burnt sugar which it gives when it is heated, and its rapid ^carbon- 
isation with warm sulphuric acid serve for its detection. It may be 
estimated with the aid of a polarimctcr and, after inversion, 

Fehling’s solution. . , , „ i.i\ 

When it is boiled for a long time with hydrochloric acid (sp gr ) 
it yields lacvulic acid (p. 210). The action of yeast on a solution ot 

sucrose is described later (p. 332). . 

When boiled with acetic anhydride and sodium acetate, suer 

is converted into octa-acetylsucrose, C , 2 H , i°a(0 - c ° c 3>s, P- 
67°, and therefore its molecule contains eight hydroxyl groups , the 
behaviour of sucrose on hydrolysis shows that it has been ^formed 
together with one molecule of water, by the combination of one 

molecule of glucose with one molecule of fructose 

Sucrose, like glucose and fructose, reacts readily wi h ccrta 
basic hydroxides, with the formation of sucrosatcs (saccharosates), 

1 [a]o+ 66-5° in 10% aqueous solution. 
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one or more of the hydrogen atoms of the hydroxyl groups in the 
sucrose being displaced by a basic radical such as — Ca • OH. These 
sucrosates are produced by merely adding the metallic hydroxide 
to the sucrose solution. They are readily decomposed by much 
water and by carbon dioxide into sucrose and the hydroxide or 
carbonate of the metal. 

Strontium sucrosate, C 12 Ho 0 O 11 (SrOH) 2 , is a granular substance 
of great commercial importance, owing to its use in separating 
sucrose from molasses, as described above. 

Maltose, C 12 H 22 O n , is produced together with dextrin (p. 327) 
by the action of malt on starch ; this change may be roughly repre- 
sented by the equation, 

3(CgH 10 O 5 ) n +nH 2 O = 7iCj 2 H 22 O u +nC 6 Hi 0 O 6 , 

and it is brought about by an enzyme, diastase , which is contained 
in the malt (p. 332). 

Starch (50 g.) is heated with water (200 c.c.) on a water-bath 
until it forms a paste ; the product is cooled to 60°, malt extract 
(about 3 g.) is added, and the mixture is kept at this temperature 
during 1 hour. The solution is then heated to boiling, filtered, and 
evaporated to a syrup, from which, however, the crystallised sugar 
is not easily obtained. 

Maltose crystallises with one molecule of water in needles, and 
is very soluble in water, the solution being strongly dextro- 
rotatory 1 ; it reduces Fehling’s solution, and ferments readily with 
yeast (p. 331). When boiled with dilute sulphuric acid, it is con- 
verted into glucose only , 

C, 2 H 22 0 n +H 2 0 = 2C 6 H 12 O a , 

a change which proves that maltose is a condensation product of 
the latter. 

Maltose reacts normally with phenylhydrazine, yielding maltos- 
azone , C 12 II 20 O 9 (N 2 HC 6 H 5 ) 2 , m.p. 206°, and gives with acetic 
anhydride octa-acetylmaltose , C I2 H 14 0 3 (C 2 H 3 0 2 ) 8 . 

Lactose, or milk-sugar, C 12 H 22 O u , so far, has been found in the 
animal kingdom only. It occurs in the milk of all mammals to the 
extent of about 4-8%, and is obtained as a by-product in the 
manufacture of cheese. 


1 For CjjHmOh.HjO, [a] D +129° in 10% aqueous solution. 



325 

CARBOHYDRATES 

When milk is treated with rennet, «t!«t.Jp. ^'“^ugar"^ 
dToStedTnc^mirlTch : are°rea e dily purified by "crystallisation 

from water. <- ril i P of water and dissolves in 

Lactose crystallises with one m . it is ver y much less 

six parts of water at ordmary tempemtures, ^ Fe hling's 

sweet than sucrose, and is dext ^ ^ . with phenyl- 

solution, but much more s o y an(i w ith acetic anhydride, 

rTyl^ ’= n d r ^ r nt readily with^east, hot 

add ' - 

glucose and galactose , 

c H Ou+H 2 0 = C 6 Hi.O o +C g H 12 O 0 . 

Cl . 2 22 U Glucose Galactose 

Lactose 


Starch and Cellulose 

Polysaccharides 

Starch, dextrin, and celhdose -all WJ. 

the molecules of winch secm , , of lhe dements of water ; 

clucose which have combined w itn me 

they are therefore classed as distributed throughout 

the vegetable world^andTs found in plants in the form of grams or 

n 1t occurs in large q uanti,ies in all ^ds o^grain , as, for example 

in rice, barley, and wheat, and also b^,^ principally from 

arrowroot. In Europe stare G f thc WO rld from wheat, 

potatoes, but sometimes in other p 

maize, and rice. , . macerated with water 

The potatoes arc well ^ he d, cnishc^ ^ w ith the water 

in fine sieves, whereon the star and othcr substances, 

leaving a pulp, consisting g ^ as a pastc> which is repeatedly 
The milky liquid deposits the ^ dried. . ... 

washed by decantation, an V t hen ground in a null. 

The grain is first soaked ,n warm wa t ^ ^ ^ ^ ^ undergo 
and the product is run into a large , 

i For MH.S2.5- in 10% aqueous solution. 
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lactic fermentation. During this process the sugar in the grain is 
converted into lactic, butyric, and acetic acids, and the gluten 
(p. 328) is brought into a less tenacious condition, which favours the 
subsequent washing of the starch in the manner described above. 

When finely divided starch is examined under the microscope, it 
is seen to be made up of striated granules, having definite shapes 
and structures. Granules from different plants vary very much in 
appearance and in size, those of potato starch, as shown in Fig. 21 



Fig. 21 


(magnified 750 diameters), being comparatively large, those of 
barley starch considerably smaller. 

Starch is insoluble in cold water, but when heated with water 
the granules swell and then burst. The contents of the cells 
(i amylose , granulose) dissolve, but the cell-wall, or starch-cellulose, is 
insoluble, and can be separated by filtration ; on the addition of 
alcohol to the filtrate, the granulose is precipitated as an amorphous 
powder, which is known as soluble starch. 

The gelatinous mass obtained when starch is heated with water is 
called starch paste , and is largely used for stiffening linen and calico 
goods, and also as a substitute for gum. It is best prepared by 
rubbing starch into a thin paste with cold water, and then adding a 
considerable quantity of boiling water. 

Characteristic of starch is the brilliant blue colour which is 
produced when a solution of iodine is added to starch paste, or to 
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its solution in water ; the colour disappears when the solution is 
heated, but reappears when the temperature falls again. 

When boiled with dilute acids, starch is first converted into 

dextrin, (C 8 H 10 O 6 ) n , and then into glucose, 


(C # H 10 O 5 ) n + nHoO = «c 6 n 12 o 6 , 


but the enzyme, diastase, decomposes it at 60-70’ into ^r'hand 
maltose, a process which is of much importance m the manufacture 
of alcohol and of spirituous liquors from grain (p. SM). 

Since the molecule of starch is no doubt produced by the com- 
bination of rt molecules of glucose, with the ehmmation of « or of 
n — 1 molecules of water, its molecular formula must be either 

-.(C„H, I 0„)-»H,0 or «(C„H 12 0,)-(«- DH.O ; '' “Xen, com- 
that many or all varieties of starch are mixtures of dlfT "“ c Q0 
pounds in which the numerical value of r, ranges from abou ,100 
upwards. The molecular formula of dextrin (and that of cellulose) 

may be written in the same way as t lat o s -u‘ > 
doubtless a smaller number in the case of dextrin than in that 

'“Dextrin, (C.H 10 O s )„, is the name given to the substance or 
mixture of substances, obtained as an mtermediate^produc. m 
the conversion of starch into glucose (p. 113)- ls P 
heating starch alone at abou. 200’, or, after moistening .t <h d u e 
acids, at 100-120’ ; it is also formed by the action of malt diastase 

(amylase) on starch paste. . , 

Dextrin is amorphous, soluble in water, and is larg > • d 1 ‘ 

substitute for gum ; when boiled with dilute acids ,t is converted 

into glucose. 

Dextrin is a mixture of various substances (amylodextrins ma'to- 
dextrins), the compositions of which are approximately expresse 

by the empirical formula, C 6 H| 0 f^i- 


r i- /r- ti n 1 ic n starch which occurs in many plants, 
Inulin, (C e H 10 O s ) n , is a staren chicory it is readily 

especially in dahlia tubers, artichokes, and chicory 

soluble in hot water, is coloured yellow by .ochne, and is h>dro.ys 

by dilute sulphuric acid, giving fructose (p. - 'J^ curg the i iver . 

Glycogen, or animal starch, (C fl Hi 0 5 n> t nhvsio- 

muscle, and white corpuscles, and is a # 

logical importance. It resembles ° T '™ r J a wjnc . rcd colouration 

tasteless, odourless powder , but it R nmlescent 

“,h iodine, and is almost entirely soluble m water to an opalcscen. 
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liquid ; it is probably very similar to starch in constitution and on 
hydrolysis with dilute mineral acids it is converted into glucose. 

Gluten. Wheat flour contains about 70% of starch and 10% 
of a sticky, nitrogenous substance called gluten. An approximate 
separation of these two components may be brought about by 
kneading flour in a bag of thin calico under water, when the starch 
passes through with the water, forming a milky liquid, from which 
the starch is slowly deposited. The gluten remains in the bag as a 
tenacious, sticky, grey mass, which soon decomposes and smells 
disagreeably. Both starch and gluten are very valuable food-stuffs. 

Cellulose, (C 6 H, 0 O 5 )„, like starch, is very widely distributed 
throughout the vegetable kingdom. It is the principal component 
of cell membrane and of wood, and constitutes, indeed, the frame- 
work of all vegetable tissues. 

Linen, cotton- wool, hemp, and flax, which have been freed from 
inorganic matter by repeated extraction with acids, consist of almost 
pure cellulose ; an even less impure form may be obtained by 
extracting good filter-paper with hydrofluoric acid, in order to remove 
traces of silica, washing it well with water, and drying it at 100°. 

Cellulose is insoluble in all the ordinary solvents, but it dissolves 
in an ammoniacal solution of cupric hydroxide (Schweitzer’s reagent). 
It is reprecipitated from this solution on the addition of acids, in 
the form of a jelly, which, when washed with water and dried, is 
obtained as an amorphous powder. Cellulose is also soluble in a 
concentrated solution of zinc chloride. 

When heated with acetic anhydride at 180°, it yields cellulose 
hexa-acetate, [C J2 Hi 4 0 4 (0-C0-CH 3 ) 6 ] n , a flocculent solid. 

The molecular formula of cellulose may be written (C 6 H 10 O 5 )„, 
where n probably exceeds 2000, and it is likely that several varieties 
of this substance occur in nature. 

Concentrated sulphuric acid gradually dissolves cellulose, and 
when the solution is diluted with water and boiled, dextrin and 
ultimately glucose are produced. It is thus possible to obtain sugar, 
and consequently alcohol, from wood. 

When unsized paper is immersed in concentrated sulphuric acid 
for a few seconds, and is then washed with water and dilute ammonia, 
and again with water, it is converted into a tough substance called 
parchment paper on account of its resemblance to parchment. Such 
paper serves as a convenient substitute for animal membrane, and 
is used for a variety of purposes. 
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(sp.gr 1-5) and three volumes of and dned > the 
p b r^ct Ve h™ n approx"ma«e! y> the composition of a hexan.trate, 
C u H 1( 0.(0 N0 2 )„ a^ “llcd^„-co»o,,. ^ ^ 

Gun-cotton is insoluble n • whcn a flame is applied 

burns rapidly and quietly, wi ’lodes w ; t h great violence. 

to it, but when fired with a detona Qf mi>cctl w ith nitro- 

giy^r^ ^ “ ° r biasting - 

-St> is a mixture E 

^SSrittscaasasm^^ ^ 

When treated with a less con«ntra ted ™^ u . r ' o Mra .„ itrale , 
sulphuric acids, cellulose is corner ct p O r (O NO.) 5 (pyro- 

C, ! H I „0.(0.N0,), and ^"^^tufof akoho. and ether; 

xylin), both of which chssol ,ti an j c thcr constitutes 

a solution of the mixed n.trates .n alcohol 

collodion, which is used for photograp nitrates (principally 

Celluloid or xylonite is a mtxture of cellulose ^ 

the tetra-nitrate) and camphor, b ut j s no t explosive, 

under great pressure ; it is read.ly com busublc 1 bu ^ ^ 

Cellulose nitrates, dissolved m »™» ^ ‘ f or mo «or-cars. 

pigments, are also very large y u alkalis yielding nitrates 

The nitrates of cellulose are decompo ed by alkal y ^ ^ 

of the alkalis and cellulose ; they are, therefore, 

derivatives (p. 251). _ ivcn to various fibres which 

Artificial silk, or Rayon, is the E frQm cotton . or wood- 

are now manufactured in very large qua physical properties of 

cellulose ; these materials have many of t he phy - l from 
natural silk (the product of the silk-worm), but 

1 Gun-cotton is best dried w, th thc aid o f substance may be 

heat it. even at relatively low temperatures, 
exploded by friction. 
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the latter in composition. Artificial silk is highly lustrous and can 
be dyed in a great many colours. 

In the manufacture of artificial silk, crude cellulose is heated 
under pressure with dilute aqueous alkalis (or is treated in other 
ways) in order to free it from gum, oil, etc., and the purified cellulose 
or, more commonly, some easily prepared cellulose derivative, is 
dissolved in some suitable solvent. The liquid is then forced 
through sets of minute holes (spinnerets) into water or some 
liquid which precipitates the cellulose or cellulose derivative, or 
the solvent is rapidly evaporated as the solution is extruded, and 
the very fine fibres so obtained are then spun and made into 
fabrics. 

The principal kinds of artificial silk are obtained as follows : 
(1) Cellulose is dissolved in an ammoniacal solution of cupric oxide 
and reprecipitated as cellulose by dilute acids (Cuprammonium 
process). (2) Cellulose is agitated with a solution of sodium 
hydroxide, and the swollen product (alkali cellulose) is pressed, 
shredded, and stored (ripened) during 2-3 days at 20° ; it is then 
churned with carbon disulphide vapour and sodium hydroxide and 
converted into cellulose xanthate (p. 263), which is precipitated as 
cellulose by saline solutions of dilute acids (Viscose process). 

(3) Partially hydrolysed cellulose acetate, dissolved in acetone, is 
reprecipitated as such by rapidly evaporating the solvent of the 
extruded solution in air at 50-60° (Celanese or acetate silk). 

(4) Cellulose nitrate dissolved in alcoholic ether (collodion) is 
reprecipitated as such by the rapid removal of the solvent and the 
nitrate is converted into cellulose by treatment with ammonium 
hydrogen sulphide. This, the first method to be used (Chardonnet 
process), is now practically obsolete. 

Esters of cellulose, such as the nitrate and acetate, and ethers, 
such as ethyl cellulose, are also useful plastics. Cellophane is usually 
cellulose, regenerated from the nitrate, or cellulose acetate. 

Nylon is not a cellulose derivative ; it is prepared by the con- 
densation of adipic acid and hexamethylenediamine (Part III). 

Fermentation and Enzyme Action 

When the juice of grapes is kept during a few days at ordinary 
temperatures, it changes into wine ; the sugars, glucose and fructose, 
contained in the juice are decomposed into alcohol and carbon 
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dioxide (p. 110). This change is brought about by a 

nroanism fveast) which is present on the grapes and their stalks 

t ; the procL 

agent which causes the change is termed a fernu ■ 1 . 

beers, and spirits, as well as commercial alcohol, are prepa y 

* %ZT ( 0 sL'Zl7e?) consists of rounded, almost transparent 
hvlgtlh abt. oh mm. in diameter, which i are usual y = d 
together in chain-like clusters ; -hen magnified (^d.arnete^ h 
yeast cells have the appearance shown in Tig. U. V 



Fig. 22 


solutions of certain sugars containing 

and nitrogenous substances, w ic te °J8‘ ided a i s0 that the 
the cells soon begin to bud and ' ™ ul “P ly ' . if it varics widely 

temperature is kept between about 5 and JU i be 

from these limits the plant stops growing nd ™yh V ^ 

killed. The action of yeast is due to certain en~ about b 

contained in the cells, and fermentation can ^oug ^ 

the juice of the cells, in the absence of which acts 

enzyme is a complex nitrogenous ° r ga n ' ru j c the act ion 

catalytically in facilitating a chemical change , a only> 

of a particular enzyme is limited to one, or ' )ts E nzy mcs 

and different enzymes usually produce different results, n y 

lose their activity on being heated. 
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Enzymes, unlike inorganic catalysts, are gradually used up and 
disappear during the processes which they bring about. Some 
enzymes, originally believed to be distinct substances, have been 
proved to be mixtures of two components (named the enzyme and 
the co-enzyme respectively) which may differ very greatly in pro- 
perties, and each of which plays a distinct part during the chemical 
change (Part III). 

Yeast cells contain many enzymes, among others : (1) Invertase , 
which brings about the ‘ inversion ’ (hydrolysis) of sucrose, and 
converts it into a mixture of glucose and fructose (p. 323). 

(2) Maltose , which brings about the hydrolysis of maltose, and 
converts it into glucose (p. 324). 

(3) Zymase , which brings about the alcoholic fermentation of 
glucose, fructose and mannose. 

The fusel oil, produced in the preparation of alcohol, is formed 
by the action of yeast on certain amino-acids, which are themselves 
decomposition products of the proteins of vegetable matter (p. 624) ; 
it is separated from the alcohol by fractional distillation. 

Beer is prepared from malt and hops. Malt is the grain of barley, 
which has been caused to sprout or germinate by being soaked in 
water and then kept in a moist atmosphere at a suitable temperature. 
During the process of germination an enzyme, diastase (amylase), 
is formed in the grain. The malt is now heated at 50-100° in order 
to stop germination and to cause the production of various sub- 
stances which impart to it both colour and flavour, the character of 
the beer depending largely on the temperature and the duration of 
heating. The malt is then stirred with water and kept at 60-65°, 
when diastatic fermentation sets in, and the diastase converts the 
starch in the malt into dextrin and maltose (p. 113). The solution 
(‘ wort ’) is now boiled in order to stop the diastatic fermentation, 
and hops, the flower of the hop-plant, are added in order to impart 
a slight bitter taste, and also on account of the preservative prop- 
erties of the hops. The liquid is then cooled to from 5 to 20°, 
and yeast is added to it to set up alcoholic fermentation. The beer 
is afterwards run off and kept until ready for consumption. 

Beer contains alcohol (3-6%), carbon dioxide, dextrin, sugars, 
hop-extracts and very small proportions of fusel oil, etc. 

Light wines (claret, hock) are merely fermented grape-juice to 
which some additional sugar may have been added ; if bottled before 
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fermentation has ceased they are ' = 

Strong wines (port, sherry) are those whtch %^“J°X red 
by the addition of alcohol (rectified spirit). The colour 

wines is derived from the skins of purple grapes. 
jui s ef atds srr 

=s» 

“ and 

&« Ssr 

SUMMARY AND EXTENSION 

Carbohydrates. The carbohydrates described above may be 

classed as follows : r-ilartnse 

( . (Aldoses : Glucose, Mannose, Galactose. 

I Monosaccharides ^ j^ etoscs : Fructose. 

8arS (Disaccharides : Sucrose, Maltose, Lactose 

Starches (Polysaccharides: Starch Dextrin, Inuhn. Glycogen. 

( Cellulose. 

“l more important members of each class are given as 

'^saccharide. These compounds combine^cptoperues of 

alcohols with those of aldehydes or etones ' h distinguished as 

or ketoses respectively : the aldoses are further dwt ^ of 

aldo-trioses, -tetroses, -pentoses derivatives 

carbon atoms in their molecules. 

of the normal paraffins, as shown below : 

CH,(OH)CHO, 

CH 2 (OH) • CH(OH) • CHO, 

CH.(OH) • CH(OH) • CH(OH) • CHO, 

CHj(OH) • CH(OH) • CH(OH) • CH(OH> ■ 

CH*(OH) • Cl I(OH) • CH(OH) • CH(OH) ' CH ( ® H ' C « ' and 

The simplest hydroxyaldehydc is glyC ° 1 1 1 ^ e ^^ehydc fp. 248), but 
next in order of molecular weight come g y 
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these two relatively simple compounds are not usually considered as 
monosaccharides ; the third formula represents four optical isomerides 
and the number increases rapidly with each addition of the group 
> CH • OH to the molecule. 

Preparation. Aldoses may be prepared by oxidising the correspond- 
ing alcohols ; hydrogen peroxide, in the presence of a trace of a 
ferrous salt (Fenton’s reagent), is often used for this purpose (p. 248). 
Just as glycol gives glycolHc aldehyde and glycerol gives glyceraldehyde 
(and also dihydroxyacetone, HO-CH 8 -COCH 2 -OH), so also the 
higher polyhydric alcohols, such as erythritol, arabitol, mannitol, etc. 
(p. 257), give the corresponding tetroses, pentoses, hexoses, etc. 

Aldoses may also be prepared from the corresponding acid by 
the reduction of its lactone in acid solution (p. 319). 

Properties. The aldoses are closely related in chemical properties, 
and show the following very important reactions : 

They are reduced by sodium amalgam and water to the correspond- 
ing polyhydric alcohols ; an aldohexose, for example, gives a hexa- 
hydric alcohol or hexitol, an aldopentose, a pentahydric alcohol or 
pentitol, and so on. 

They are oxidised by nitric acid, by bromine and water, and by 
other reagents. The first product is a monocarboxylic acid, produced 
by the oxidation of the aldehyde group ; glucose, for example, gives 
gluconic acid, mannose gives the optically isomeric mannonic acid, 
xylose gives xylonic acid, and so on. These monocarboxylic acids, on 
further oxidation, are transformed into dzcarboxylic acids by the 
conversion of — CH 2 -OH into — COOH ; thus gluconic acid gives 
sacchanc acid, HOOC • [CH -OH] 4 - COOH, mannonic acid gives the 
optically isomeric mannosaccliaric acid, and xylonic acid gives tri- 
hydroxyglutaric acid, HOOC • [CH • OH) 3 • COOH. 

The aldoses combine directly with hydrogen cyanide (1 mol.), forming 
hydroxycyanides, which may be hydrolysed to monocarboxylic acids. 
An aldo/je.vose is thus converted into an acid which is structurally 
identical with the oxidation product of an aldo heptose, and similarly 
in other cases the final result is the transformation of the — CHO 
group into — CH(OH)-COOH. The aldoses readily reduce Fehling’s 
solution, react with hydroxylamine, giving oximes, and with phenyl- 
hydrazine, giving either a phenylhydrazone or an osazone, according 
to the conditions of the experiment (p. 317). They may be converted 
into esters, such as nitrates, acetates, and benzoates, just as may the 
simple alcohols. 

They react with alcohols in the presence of hydrogen chloride, 
forming glycosides, which are derived from the glycosidic or oxide 
structures of the aldoses. 

Erythrose, CH 8 (OH)-CH(OH)-CH(OH)-CHO, is an example of 
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srsasfssww S' - ssr: 

is obtained by boiling cherry-gum, or gum Xvlose is obtained by 

acid ; it melts at 160°, and is dextrorotatory. \-Xtfosei*ot**xn y 

i SSS'=£'.w^ 

their configurations (Part HI). bra „ straw, and various 

Both these aldopcntoses are ^Iliphurii acid. Like 

other vegetable products arc b . Fehling’s solution, 

the aldohexoscs, they have a sweet 

but they do not ferment with ye* st , h a chcrry . re d solution, 

acid and a little phlorogluc.nol (p. 4 )2 >),« : YU with hydro - 

They both yield furfural (p. 58 ) w e ^ used for t heir 

chloric or dilute sulphuric acid ; this ^ " ^ dis _ 

detection and also for their ^ “J “ very sparingly 

tillate may be isolated and weighed in the torm 

soluble phenylhydrazone. „« rr ,.cnnndine with fructose in 

Ketoses. Polyhydnc ketone compo unds 

structure are not so numerous as < h ' CH(0H ) • CO ■ Cl 1,01 1, 

of this type, such as ery f J ,r,,/oir ’ *. n .rO CH, OH, and sorbose 
arabinulose, CH a (OH)CH(OlI)- ( The simplest ketosc is 

(an optical isomer.de =of fructose) . - ^ lith thTsugars. 
dihydroxyacetonc, which is not y fructose, have been 

Preparation. The ketoses jus named and abo tr > ^ the 

obtained with the aid of the Sorbose ' bacterium arabito l. 

oxidation of the corresponding P<> y > ” c ldoSeS to the corrcspond- 
and sorbitol) to ketoses, and also that of the aldoses 

ing monocarboxylic acids. solution, and when treated 

Properties. The ketoses reduce Fehl.ng^s solution.^ ^ # mixture 

with sodium amalgam and water t cy ar ^ arc converted 

of two polyhydric alcohols (p. 31 )i on combine directly 

into two (or more) relatively simp It ac.d , ’ int yielding 

with hydrogen cyantde and give oximes. They may be 

phenylhydrazones or osazones , th Y hc a ] do ses. 

converted into glycosides (fructosidcs) j undcr go hydro- 

Disaccharides, C lt H«O u . These sugars read.ly un J 

lysis by acids or enzymes into two molecules of the same 
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hexoses, and may be regarded as ether-like compounds produced by the 
elimination of water from the latter. Some, such as sucrose, have no 
reducing properties and do not form an osazone, while others, like 
lactose and maltose, reduce Fehling’s solution and react with phenyl- 
hydrazine, etc. The reasons for this difference in behaviour are given 
in Part III. 

Polysaccharides, (C 6 H 10 O 6 ) n . The polysaccharides differ more 
widely from the other carbohydrates than the latter do among them- 
selves, no doubt owing to their relatively high molecular weights. 
They are in general amorphous. They are hydrolysed by acids or 
enzymes, and are finally converted into monosaccharides. 


CHAPTER 20 

OLEFINIC AND ACETYLENIC DERIVATIY ES 

The hydrocarbons already described may be divided into 
groups, (1) the paraffins, which react by substitution only and ar 
known as saturated hydrocarbons ; (2) the olefines, acet\ en * ’ 

which can form additive products and are calle unsatura e , 

carbons. The former contain carbon atoms unite on > y 
bonds, whereas the latter have at least two carbon atoms w 

united by a double or treble bond. .... . 

Now if attempts are made to extend such a distinction to other 

types of compound, it is found that almost every su stance is cap 
under certain conditions of reacting additively , a e ^ e , 
ketones, for example, unite with hydrogen and wit y 8 
cyanide to form alcohols and cyanohydrins respective y , c ^ an . 
may be reduced, or hydrolysed to amides ; inner an y ri es, ce 
oxides, such as ethylene oxide, and lactones, give at t lU ' e P ro 
by the fission of a carbon-oxygen bond ; amines o a c 
combine directly with acids and with alkyl halides mting 
possible increase in the valency of the nitrogen atom, ant so • 
There are, in fact, comparatively few types of compouni s w i » 
like the paraffins, are really saturated and quite incapable ot direc 

combination with some reagent or another. 

As, therefore, for purposes of classification the use of the ve ) 
comprehensive term unsaturated may give rise to am igui y, 
those compounds which owe their property of forming at i 
products to the presence of carbon atoms united by a 1 ou 5 c ‘ 
treble bond, and in which the addenda combine with these caruon 
atoms, are distinguished as ethylenic ( olefinic ) or acety true as 

case may be. .... , •> i 

A few of the better-known compounds of this kind are c cscri t 

in this chapter : it will be seen that they show the chemica prop 
erties of ethylenic or acetylenic hydrocarbons as wc as ^ re 
actions of their substituent atoms or groups, such as . 

— COOH, which have already been studied, but which may show 
differences from those of the same groups in saturated mo ecu es. 
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Vinyl Compounds 

The simplest olefinic compounds, substitution products of 
ethylene, are the vinyl derivatives ; they contain the unsaturated 
vinyl radical, CH 2 :CH — , combined with a halogen atom, CH 2 :CHX, 
or a simple saturated univalent group, and are of little importance 
except for their use in the manufacture of plastics (Part III). 

Vinyl chloride, chloroethylene, CH S :CHC1, cannot of course be 
obtained by the action of chlorine on the olefine under ordinary 
conditions because addition of the halogen would occur ; it is 
prepared on the large scale by the direct combination of acetylene 
and hydrogen chloride, or by treating ethylene dichloride with 
alkalis, 

CH 2 Cl-CH 2 Cl+Na0H=CH 2 :CHCl+NaCl+H 2 0. 

It is a gas which polymerises readily giving polyvinyl chloride, a 
waxy product, used as an insulating covering for electric cables. 
Vinyl bromide, CH a :CHBr, is a liquid, boiling at 16°. 

The halogen atoms in the vinyl halides and in other compounds 
containing the grouping >C:CX — (X, halogen) are very much 
more firmly held by the carbon atom to which they are combined 
than those in the alkyl halides : in consequence they do not undergo 
most of the reactions of the latter and are of little value in 
synthesis. 

When the halogen derivatives are hydrolysed, they do not afford 
vinyl alcohol as might have been expected, because this structure, 
CH 2 :CH-OH, undergoes isomeric change into acetaldehyde, 
CH 3 -CHO; polyvinyl alcohol, however, and other derivatives of 
vinyl alcohol, are important plastics (Part III). 

Vinyl acetate, CH 2 :CH • O • CO • CH 3 , is manufactured by treat- 
ing acetylene with acetic acid in the presence of catalysts, 

ch;ch+ch 3 cooh = CH 2 :CHOCOCH 3 .; 

it polymerises to polyvinyl acetate. 

Ally l Compounds 

The unsaturated complex, CH,:CHCH 2 — , which is isomeric 
with the propenyl group, CH 3 CH:CH— ,is called the allyl radical ; 
certain allyl derivatives have been known for a long time, partly 
owing to their occurrence in nature, partly because they could be 
obtained from glycerol. 

Allyl chloride, CH 2 :CH-CH 2 C1, is now prepared commercially 
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from propylene as already described (p. 246) ; it is a lachrymatory 
liquid, boiling at 45°. 

Allyl bromide, CH 2 :CHCH 2 Br, may be obtained in the 
laboratory by treating allyl alcohol with a mixture of hydrobrom.c 
and sulphuric acids ; it is a liquid of sp. gr. 1-43 at In and boils a 

71°. 

Allyl iodide, CH 2 :CHCH 2 I, may likewise be obtained by 
treating allyl alcohol with iodine and phosphorus, but is also con- 
veniently prepared from glycerol. 

Iodine (30 g.) is mixed with glycerol (45 g.) in a large retort 
connected with a condenser, and the air is displaced by carbon 
dioxide, which is passed through the apparatus during the expc - 
ment. Small pieces of white phosphorus (18 g.) are added fro 
time to time while the mixture is very gently warmed if necessary 
start the reaction, and the allyl iodide is afterwards chsti led 

It is probable that the glycerol is first converted into the n- 
iodide, CH 2 ICHICH 2 I, which then undergoes decom P^' t ‘° 
into iodine and allyl iodide ; if phosphorus and iodine are employed 
in excess the allyl iodide is converted into isopropyl iodide, 

CHjiCHCHjI+HI = CH,:CHCH 3 +I», 

CH 2 :CH CHj+HI = CH 3 CHICH 3 . 

Allyl iodide is a mobile liquid of sp. gr. 1-89 at 15° boiling at 
102°, and has an odour of garlic ; it resembles ethyl iodide mm 
respects, but has also the properties of an olefime compound. V I e 
heated with potassium sulphide in alcoholic solution, it is co 
into diallyl sulphide, just as ethyl iodide gives diethyl sulphide, 

2CH 2 :CH • CH 2 I+ K 2 S = (CH 2 :CH-CH,)*S+2KI. 

The halogen atom of the group, >C:CH CH 2 X, in contrast y 
that of a vinyl halide, is very reactive, even more so than that of a 
alkyl halide ; the allyl halides, therefore, are very much used, par- 
ticularly in the form of their Grignard reagents, in t le s>n ies 

olcfinic compounds in general. „,„ nv 

Diallyl sulphide, (CH,:CH CH^S, occurs m nature in many 

Cruciferae, and is obtained by distilling the macerated plants with 

water ; it is a mobile, very unpleasant-smelling liquid, boding at 

139°. Another allyl derivative— namely, allyl isolAwryoia 

found in nature in considerable quantities in black mustard 1 s “£ ' 

and is known as oil of mustard (p. 365). D, allyl dtsulph,de, (C 3 H s ) : b„ 

occurs in garlic ( Allium sativum ). 
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Allyl alcohol, CH 2 :CHCH 2 OH, is formed and distils over 
when anhydrous glycerol is slowly heated to about 230° with twice 
its weight of hydrated oxalic acid ; the glycerol and the acid first 
react normally giving an ester, dioxalin, which at higher temperatures 
decomposes into carbon dioxide and allyl alcohol. 

CH 2 OCO 
H OCO 
H 2 OH 

The liquid which passes over from about 220-230° is collected 
separately, and boiled with sodium hydroxide solution in order to 
hydrolyse allyl formate which may be present. The allyl alcohol is 
then separated from the aqueous solution by fractional distillation 
(with the aid of a long column), dried with anhydrous potassium 
carbonate, and finally distilled. In the first operation the thermo- 
meter dips into the liquid, but in the other distillations the tempera- 
ture of the vapour is taken in the usual way. 

Formic acid may be used instead of oxalic acid, as the monoformin 
(p. 161) which is first produced is decomposed into allyl alcohol, 
carbon dioxide and water. 

Allyl alcohol is also obtained when acraldehyde (p. 341) is reduced 
with nascent hydrogen, a change which is exactly analogous to the 
formation of alcohol from acetaldehyde, 

CH 2 :CHCHO+2H = CH^CHCHoOH. 1 

It is now manufactured from propylene (p. 246). It is a mobile, 
neutral liquid, boils at 96-97°, and has a very irritating smell ; it is 
miscible with water, alcohol, and ether. 

Allyl alcohol has not only the properties of a primary alcohol, but 
also those of olefinic compounds in general. Its alcoholic character 
is shown by the following facts : It dissolves sodium with the 
evolution of hydrogen and forms esters with acids, 

2CH 2 :CH • CH 2 • OH+2Na = 2CH,:CHCH 2 ONa+H 2 , 

CH 2 :CH • CHo ■ Oil + Cl I 3 • COOH = 

CH 2 :CH • CH 2 • O • CO • CH 3 + H 2 0 ; 

1 With molecular hydrogen and a catalyst acraldehyde gives propion- 
nldehydc and some propyl alcohol (p. 346). 




ch 2 

II 

CH +2C0 2 . 

iu 2 ou 
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on oxidation with silver oxide it is converted, first into acralde- 
hyde, then into acrylic acid, 

CH 2 :CH CH 2 0H+0 = CH 2 :CH CH0+H 2 0 
CH 2 :CH • CH 2 ■ OH + 20 = CH,:CH C00H+H 2 0. 

In all these reactions its behaviour it •“ « <*»* ^mlThe 'om 
of ethyl alcohol and other primary alcohols that it is 

eluded that allyl alcohol contains the group Cl 2 • . 

an olefinic compound is shown by Us behav.our o a ds ch onne 

and bromine, with which it combines d, . rectly ' u" ™ responding 
a/I-dichloro- or „/i-dibromo-hydnn, tsomcnc w.lh the »"esPondmg 

uy-compounds obtained by treating glycerol with halogen 

(p. 249) ; on oxidation with permanganate it gives glycerol, 

CHjiCH CH, OH + O+HjO = CH,(OH) • CH(OH) ■ CH, OH 

The structure of allyl alcohol, expressed above, is therefore fully 

established CH-CHO, is formed during the 

Acraldehyde ( 1 acrolein ), CH 2 .U1 \~r . , • t |i S tilled 

partial combustion of fats, and when impure g > t iously 

under ordinary pressure; also when allyl alcohol . «uUou sly 

oxidised under particular conditions (p. 346). p p 

distilling glycerol with potassium hydrogen su p u 

CH • OH CllO 1 

CH — * ^ H * * 

tl-L-OIl CH..OH 


ch 2 oh 

• OH 
ill, OH 


CHO 

dn 

11 

CII, 


Acraldehyde is a liquid, boils at 52°, and has ^ 

irritating and disagreeable odour, like t at ^ ^ an d its 

produces sores when brought in con ac aldehydes it 

vapour causes a copious flow of tears Like other 

reduces ammoniacal solutions of silver h> roxi c sodium 

of a mirror, gives SchifTs reaction and Z an 

hydrogen sulphite ; it rapidly undergoes p y 
amorphous, brittle substance named thsacry . alcohol ; 

On‘ reduction acraldehyde may be converted ^ ^ 

on exposure to the air, or on treatment w 1 

» Compare isomeric change of vinyl alcohol (p. 338). 
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undergoes oxidation, yielding acrylic acid. That it is olefinic is 
shown by the fact that it combines directly with bromine, forming 
acr aldehyde ( acrolein ) dibromide , CH 2 Br*CHBr*CHO, an additive 
product. 

The relationship of acraldehyde, allyl alcohol and acrylic acid is 
just the same as that of acetaldehyde, ethyl alcohol and acetic acid. 

Crotonaldehyde ( crotonal ), CH S • CH:CH • CHO, is one of the next 
homologues of acraldehyde ; it is obtained by heating acetaldehyde 
with dilute hydrochloric acid, or with a solution of zinc chloride, 
aldol being formed as an intermediate product (p. 141), 

2CH 3 CHO = CH, • CH(OH) • CH, • CHO, 
CH 3 CH(OH)CH,CHO = CH, • CH:CH • CHO +H»0. 

It boils at 104-105°, and closely resembles acraldehyde in properties; 
on reduction it yields, first, crotonalcohol, CH s -CH:CH-CH t -OH, 
and then butyl alcohol, CH 3 -CH,-CH,’CH,’OH ; on oxidation 
it gives cro tonic acid (below). 

Mono-olefinic Acids 

Acrylic acid, CH 2 :CHCOOH, is the simplest olefinic acid and 
the first member of a homologous series C n H 2n _ 2 0 2 ; it is an oxidation 
product of allyl alcohol and of acraldehyde and may also be obtained 
from hydracrylic acid (p. 269), which on distillation loses the elements 
of water, 

CHo(OH) CH 2 COOH = CH 2 :CH • COOH+H a O ; 

this change may be compared with the formation of ethylene from 
alcohol. Acrylic acid may be prepared by heating /?-bromopropionic 
acid with alcoholic potash, just as ethylene is obtained from ethyl 
bromide, 

CH 2 Br • CH, • COOH = CH 2 :CHCOOH+HBr. 

Acrylic acid boils at 141° ; it smells like acetic acid, is miscible with 
water, and when kept for a long time, gives a solid polymeride. It 
is a monocarboxylic acid, and forms metallic salts and esters just as 
do the fatty acids ; it differs from the latter, however, in being an 
olefinic compound, as is shown by the formation of additive pro- 
ducts. It combines directly with nascent hydrogen (from sodium 
amalgam and dilute acid), giving propionic acid ; with bromine, 
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giving a/3-dibromopropionic acid ; and with halogen acids, yield- 
ing /3-halogen derivatives 1 of propionic acid, 

CH 2 :CH • COOH+HBr = CH 2 BrCH 2 COOH. 

Ethyl acrylate, CH 2 :CH COOC 2 H 5 , is manufactured from 
ethylene cyanohydrin (p. 244), which is hydrolysed estenfied 1 and 
dehydrated in one operation by heating it with alcohol and sulphuric 

acid, 

CH 2 (OH) • CH a • CN +C 2 H 6 • OH = CH 2 :CH-COOC*H» + NH 3 . 

It boils at 100° and polymerises readily. 

Methyl a-methylacrylate, CH 2 :C(CH 3 )COOCH 3 , ** 
factured by dehydrating acetone cyanohydrin, and bo l g 
product, CH 2 :C(CH 3 ) • CN , with methyl alcohol andsulphuricac . 
it polymerises readily, giving important plastics ( Diakon , Pcr pe. ) 
used for the production of glass substitutes, lenses, mirror 

Crotonic acid, CH 3 CH:CH COOH, one of the next normal 
homologues of acrylic acid, may be obtained by methods s.m.la to 
those given for acrylic acid-namcly, by ox.dis.ng cimonalcohol 
crotonaldehyde, by heating fi-hydroxybutyric ac. , an y 
a-bromobutyric acid with alcoholic potash. It me ts a , 
resembles acrylic acid in general behaviour. 

Isocrolonic acid (m.p. 15°) has the same structure « crotonic acid , 
but differs from the latter in physical properties , the 
between the two acids is explained later. 

Oleic acid, C 18 H ;I4 0 2 , is a higher member of the same homo- 
logous series as acrylic and crotonic acids and is an impor 
stituent of many glycerides (p. 252). It melts at a >ou . , 

odourless, but it oxidises on exposure to the air and becomes ranci . 

On oxidation with permanganate it first gives 

acid, C IB H 3t 0 2 (0H) 2 , which is then converted into a^ o o H> and 

normal nonyhc acid ( pelargornc and ), Cl 3 [ ^ ’ . usual 

azclaic acid, COOH ■ [CH.VCOOH ; such Ranges aje 
result of the oxidation of olcfinic compounds (p- . . , 

with hydrogen (p. 256), oleic is transformed into stiaric 
These facts prove that oleic acid has the constitution, 

CH 3 • [CH 2 ] 7 • CH:CI I • [Cl 1 2 ] 7 • COOH. 

This view is fully confirmed by treating oleic acid with ozone, and 

1 In such reactions the halogen atom usually combines^v^ p 

saturated carbon atom which is the more remote from the carbox>i g 
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decomposing the ozonide with water ; the products are nonylic 
acid and azelaic acid (p. 96). 

Elaidic acid (m.p. 51°) has the same structure as oleic acid, 
from which, however, it differs m physical and chemical properties 
(p. 350). 

Ricinoleic acid, 

CH 3 • [CHJ # * CH(OH) • CH 2 • CH:CH • [CHJ* • COOH, 

is a hydroxymono-olcfinic acid which, as a glyceride, forms the 
main component of castor oil ; when it is heated with sulphuric 
acid it loses the elements of water and gives a mixture of linoleic 
acid (p. 345) and a structural isomeride of the latter ; it is therefore 
used in the manufacture of drying oils. 

Olefinic acids of the acrylic series may be prepared from olefinic 
alcohols, aldehydes and halides by methods analogous to those used 
in the case of the saturated acids, 

CH a :CH • CH, • OH CH t :CH • CHO — - CH,:CH • COOH, 

CH S :CH CH S I CH s :CH CH a CN ► CH,:CH-CH a -COOH. 

They are more usually prepared by heating the monohalogen 
derivatives of the fatty acids with alcoholic potash, quinoline or 
dimethylaniline ; this last method is used more particularly for the 
preparation of a/3-unsaturated acids because only the a-halogen 
substituted fatty acids are easily produced directly from the sat- 
urated compounds (p. 180). 

They may also be prepared from ketonic acids, many of which 
can be easily obtained with the aid of ethyl acetoacetate : the 
ketonic acid is first reduced to the corresponding hydroxy-com- 
pound and the latter is then heated alone or with some dehydrating 
agent, or converted into the halogen acid and then treated as above. 

The olefinic acids show considerable differences in behaviour, 
determined by the relative positions of the olefinic binding and the 
carboxyl group. Thus many a/?-unsaturated acids when heated 
with aqueous alkali yield saturated hydroxy-acids, 

CH 2 :CH-COOH+H a O = CH 3 • CH(OH) • COOH, 

whereas /?y-unsatu rated acids, heated with dilute sulphuric acid, 
often yield lactones (p. 287), such as tsocaprolactone, 


(CH,)jC:CH • CHj • COOH 
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Poly-olcfinic Acids 

o k: PH CH CH CHtCH COOII, is an example of a 

Sorbtc acid , Cri 3 • , f t u e sap 0 f the mountain 

'efsily's^thesised by condensing crotonaldchyde w.th 
malonic acid in the presence of pyridine, 

CH, CH:CH-CH:C(COOH), - CH S CH.CH CH. 

It melts at 134-5° and can be reduced catalytieally to n-hexyhc 
acid. 

Linoleic or linolic acid , . 

CH,[CH 2 ] 4 CH:CHCH 2 CH:CH[CH 2 ] 7 COO , 

has already been mentioned as a c< j nst ‘ t ^ t °/ in^hos^vegeuible 
certain fats and oils j it is particularly »» “ dry U on 

oils, such as linseed oil, which a ' e 0 \vcen. It is a liquid 

exposure to the air, as it rapidly a so ‘ ; j ac j d by catalytic 
di-olefinic acid and can be converted into stearic y 

reduction. . rz-vi -\ COOII. is a tri- 

Linolenic acid, ^n^^^f^ich'aS occurs as glyceride in 
ethylcnic monocarboxyhc acid, 

linseed oil in considerable proportions. varnishes, 

In addition to their use in the preparation of paints a d 

drying oils are employed in the manutacturc of 

linoleum. 

Acetylenic Acids 

Propiolic acid, CH IC-COOH i b .be 
can be prepared by heating afi-di romop ^ clM . dibromide ; also 

potash, just as acetylene is obtained cctylcnc (p. 105) with 

by treating the Grignard camp 0 ™ ^ ^ properties indicated 
carbon dioxide. It melts at 18 . pota ssium propiolate 

by its structural formula. L‘ke ^ amm „niacal cuprous 

gives an explosive copper den 

chloride. , _ rr ., , -i . COOII. is obtained 

Stearolic acid, CHj’tCHtV • L ‘ ’ j t | lc dibromidc thus 
when oleic acid is treated with bromine, d th^ ^ 4go 

obtained is heated with alcoholic potas , t | lod u f formation 

Its structural formula is cstabhs e water giving the 

and by the fact that its ozomde is dccomp - 

same products as docs the ® ° p:p.rQOH is obtained from 

Acetylenedicarboxylic acid, HOOt • : 
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dibromosuccinic acid and alcoholic potash and melts at 178°. It 
is reduced by sodium amalgam and acetic acid to succinic acid 
and in other ways behaves as indicated by its structure- Its 
potassium salt decomposes into potassium propiolate and carbon 
dioxide, when its aqueous solution is heated. 

Diacetylenedicarboxylic acid, HOOC-C-C-C-C-COOH, is ob- 
tained by the action of potassium ferricyanide on the copper 
derivative of propiolic acid. It explodes violently when it is heated. 

From the foregoing account it will be seen that the substituent 
atoms or groups of an unsaturated hydrocarbon behave, on the 
whole, in the same way as those of a saturated compound. Thus 
allyl alcohol may be oxidised first to acraldehyde and then to 
acrylic acid ; the aldehyde may be reduced to the alcohol, the latter 
may be converted into allyl bromide and so on. It must, however, 
be borne in mind that an olefinic molecule in general is much more 
reactive than the corresponding saturated structure, because the 
ethylenic bond itself readily undergoes modification. Consequently 
in attempting to bring about any desired change in the structure of 
an olefinic compound the reagent for this purpose must be carefully 
chosen. 

For the oxidation of acraldehyde to acrylic acid, or for its reduction 
to the alcohol, reagents should be tried which do not in general 
disrupt or reduce, as the case may be, the ethylenic bond : in the 
former case silver oxide, for example, would be suitable and in the 
latter, nascent, not molecular, hydrogen (p. 256), or the Ponndorf 
reagent (p. 156). 

Considerations of this kind have, of course, a general application ; 
only after the whole structure of a molecule has been studied can 
its behaviour be forecast with any confidence. Even then it may 
not be possible to select at once the best reagent for a given purpose, 
particularly in processes of oxidation and reduction, where there is 
such a wide choice, and the matter can only be decided by experi- 
ment or by reference to the literature. 

Although the various types of olefinic compounds already men- 
tioned are all members of some homologous series, it is not neces- 
sary to describe these series in a general manner as has been done 
hitherto ; this is mainly because only a few members of each are 
of much importance, but also because the series becomes so com- 
plex by the rapidly increasing number of isomerides differing in 
chemical behaviour. 
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Thus whereas there are only four butyl chlorides, there are eight 
structurally different chlorobutenes as shown below . 


CHCbCHCH.CH, 

1-Chloro-l-butene 

CH*:CH • CH* • CH*C1 

4-Chloro-l -butene 


CH^.CCl-CHj-CHs 

2-Chloro-l -butene 

CH,CI • CH:CH • CH S 

l-Chloro-2-butene 


CH 2 :CH CHC1 • CH S 

3-Chloro-l -butene 

CHj-CCl:CHCH, 

2-Chloro-2-butene 


CH>C:CHCI 

l-Chloro-2-methyl-l-propene 


C ch?> C:CHi 

3-Chloro-2-metliyl-l-P r °P enc 


In some cases all the isomerides which might be pred^d from 

the formula do not actually exist, owing to e derived 

isomeric change ; thus some of the alcohols theoretically denved 

from the chlorobutenes could not for this reason be obtained by 

the hydrolysis of the latter, or in other ways (p. Si »)• 

Nomenclature. Many unsatura.ed compounds have trivial names 
from which those of their substitution or addition producU ’ e “ 
derived. Their systematic names are based on those of ! «ta ^samra.ed 
hydrocarbons (p. 60), the positions of the substituen 
bonds being shown as usual by numbers or letters, 
above by the chlorobutenes and by the systematic name oc dcca 
9:12-dienoic acid or heptadeca-8:ll-d.ene-l-carboxyl.c acid 

linoleic acid. 

Stereoisomerism of Olefinic Compounds 

Maleic and fumaric acids are two interesting anc t^^^ 
very important, closely reJated compoun s^c- 1 * 13QO) was 

derivatives of ethylene. Maleic acid, C 4 i U , • its 
first obtained from malic acid (p. 281 from whicl . t d nves ta 
name, and its anhydride is now prepared commercially by ox dising 
benzene with air, in the presence of vanadnim pentox de.aMOU. 

When malic acid is heatedat about 130 it sl °" at a muc h 

molecule of water giving an 

- - - - ~ • * « O 

- »r c > 

H^C 7 

o 


anhydride , C 4 H 2 0 3 , which distils, 


HOOC • CH • Cl l(OH) • COOH 

Malic acid 


HOOC CII CH COOII 

Fumaric acid 


Maleic 

anhydride 
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The formation of the intermediate product (fumaric acid) in this 
transformation was not at first recognised, and as the acid, obtained 
by the hydrolysis of the anhydride, was maleic acid, the anhydride 
was naturally called maleic anhydride. 

Fumaric acid, C 4 H 4 0 4) was discovered later in Iceland moss, in 
which it occurs in the free state ; it melts at 287° and, when heated, 
gives maleic and not fumaric anhydride. 

Maleic and fumaric acids differ more or less in all their physical 
properties such as m.p., sp. gr., solubilities, etc., as do also all 
corresponding metallic salts and esters of the two acids, in the 
formation of which only the hydrogen atoms of the carboxyl groups 
are concerned. 

Both acids, however, show the usual reactions of olefinic com- 
pounds, and combine directly with certain atoms or groups giving 
saturated additive products ; when this occurs the two acids may 
still behave like ordinary isomerides, and with a particular reagent 
give two different products; or one product only may be formed from 
both. Thus both maleic and fumaric acids combine with bromine 
forming different dibromosuccinic acids, C 4 H 4 Br 2 0 4 , and on 
oxidation with permanganate they afford different dihydroxy- 
succinic acids, C 4 H 4 0 4 (0H) 2 , by combination with two — OH groups 
(p. 96). On the other hand they are both reduced by sodium 
amalgam and an acid, giving succinic acid, C 4 H 8 0 4 , and they both 
combine with hydrogen bromide giving the same monobromo- 
succinic acid, C 4 H 6 Br0 4 . 

Now the stmetures of maleic and fumaric acids can only be ex- 
pressed by one and the same formula, HOOCCH:CHCOOH, 
which shows that they are both ethylcncdicarboxylic acids ; that 
the two carboxyl groups are united to different carbon atoms is proved 
by the formation of both acids from malic acid, and their conversion 
into succinic acid or its derivatives, all of which are compounds of 
well-established structures. Further, neither acid can contain the 
group >C(COOH) 2 , which would decompose into >CH-COOH 
and C0 2 if the acid were heated. It is clear, therefore, that the 
isomerism of maleic and fumaric acids, which for a long time could 
not be explained, is of a type not yet considered. 

This and similar cases of isomerism among olefinic compounds 
were explained by Wislicenus as follows, on the basis of Le Bel and 
van t Hoff’s theory : Olefinic compounds contain (at least) two 
carbon atoms united together by two valencies of each. Represent- 
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ing the molecule of such a compound of the type £ W^with 

the aid of the tetrahedral models, it will be seen 

corners of the one tetrahedron are joined to two comers of the oth r 

(to represent the double binding) the four groups, R, now he m 

one pine. Further, the carbon atoms which are 

double binding are no longer free to rotate, relatively to .one anoth^, 

about an axis joining their centres, whereas sing y ou s or 

be supposed free to do so (p. 305). If, then, a t le ’ j 

any three of them, are identical, or if any two united w 1 ^ and 

the same carbon atom are identical, only one arrange j s to 

if, however, the compound is of the typ e ' . / * different 

say, if each of the carbon atoms is combined wi by 

atoms or groups— then two isomendes represents J dijTerence 
the following figures, are possible, and . 

whether R and R„ or X and X„ are identical or different . 




The existence of maleic and fumanc adds^therefcre. £*£ 

accounted for in quite a simple way, f ..marie acid, 

which arrangement represents maleic and whic • ‘ ' cinic 

Now maleic anhydride is a ring compound ^alogous to ucc 
anhydride, and when it is treated with water, maleic acd is gradu > 

produced, 

hO HCCOOH 

it is reasonable to assume that in this relatively ^f occurs> 

reaction no change in configuration ( arraI ^8 t, y c lc , c anhydride 
but that when fumaric acid is transform ed ^ively high 
such a change does occur as a result of the comp 


hc-cooh 
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temperature employed. It is clear, therefore, that (I) above repre- 
sents maleic acid and (II) fumaric acid. 

For ordinary purposes, the projections of such models are 
employed and the configurations of the two acids are expressed in 
the following manner : 


H— C— COOH 

II 

H-C— COOH 

Maleic acid 


H— C— COOH 

II 

HOOC — C — H 

Fumaric add 


On reduction, maleic and fumaric acids give one and the same 
product — namely, succinic acid, HOOC -CH 2 -CH 2 . COOH — 
because as soon as the carbon atoms become singly bound they have 
the property of free rotation, and by the mutual actions of the 
different atoms and groups a position of equilibrium is attained 
(p. 305). 

Isomerism such as that of these two acids is generally called 
geometrical isomerism , and the compounds are referred to as the cis- 
and D-fl/w-isomerides respectively; the ctr-isomeride is that in 
which atoms or groups R and R 2 or X and X x (above) are in juxta- 
position. 

T his type of isomerism is also exhibited by crotonic and iso- 
crotonic acids, and by oleic and elaidic acids, whose configurations 
may be expressed as follows : 


H-C-COOH 

II 

H— C— CH 3 

/jocrotonic acid (m-) 


H— C— COOH 

II 

CH 3 — C — H 


Crotonic acid (tram-) 


H— C— C 8 H i7 

II 

H— C— (CH 2 ) 7 — COOH 

Oleic acid (cu-) 


H— C— C.H„ 

II 

HOOC-(CH 2 ) 7 -C-H 

Elaidic acid (tram-) 


Geometrical isomerides, unless they also contain an asymmetric 
group, possess at least one plane of symmetry (the plane of the paper 
m the usual projections) and each is identical with its mirror- 
image ; they are, therefore, optically inactive. 

Many other examples of stereoisomerism of this type are eiven 
later (p. 528). F e 

An extension of the significance of the ordinary constitutional 
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formulae in summarising the behaviour of a molecule is provided 
by the study of geometrical isomerism ; an examination ot any 
olefinic structure will show the possibility or otherwise of two (or 
more) stereoisomeric forms. Thus it can easily be seen t at o 
chlorobutenes given above, three, namely 1 -chloro-1- butene 
1 -chloro-2-butene and 2-chloro-2-butene, might exist in cis- and 
irons- forms, whereas only one, 3-chloro-l -butene, wi exist in 
and /-optically active, but not in cis- and irons-, forms. 

It is perhaps not superfluous at this point to stress the difference 
between the terms structure or constitution (which are synonymous) 
and configuration. Structural formulae show to \\ ic atom or 
atoms every atom in the molecule is directly unite , >ut ta e n 
account of the relative positions in space. Configurationa ormu 
show the former and indicate at the same time how t ic atoms 


arranged in space. , - „„„ 

As examples of substances differing in structure *' follow.ng may 

be cited : (1) n-Propyl and isopropyl alcohols, (2) Pro P lonald > 
and acetone, (3) Ethylamine and dimethylamine, ( ) u ^ c,n !^ 

wosuccinic acids, (5) Methyl acetate and ethyl formate ; whereas 
(1) d- and /-Lactic acids, (2) d- t /- and Afwotartaric acids, (3) Glu- 
cose and galactose, (4) Maleic and fumaric acids, etc., 1 cr pc 
lively in configuration, but have identical structures. 
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CYANOGEN AND RELATED COMPOUNDS 

The cyanogen compounds contain the univalent radical cyanogen, 
— CN (Gay-Lussac) ; in many respects they are closely related to 
the corresponding halogen derivatives, although they contain the 
univalent group of atoms , CN, in the place of a single atom of halogen, 
as shown by the following examples : 

CL, HC1, KC1, AgCl, HgCl 2 , HO -Cl, C 2 H 5 .C1, 

(CN) 2 , HCN, KCN, AgCN, Hg(CN) 2 , HO-CN, C 2 H 6 CN. 

This fact brings out very clearly the meaning of the term ‘ radical ’ ; 
the univalent group, CN, plays much the same part as the atom 
of chlorine, just as the radical ammonium may play the part of a 
single atom of an alkali metal. 

The cyanogen radical plays important roles in organic chemistry ; 
it may be substituted for a halogen atom, or formed from an amide 
group, and is readily transformed into — CH 2 NH 2 , — CHO or 
— COOH. 

Cyanogen ( dicyanogen ), NC-CN, is produced when ammonium 
oxalate is strongly heated with phosphorus pentoxide, 

NH ,OOC • COONHj = NCCN+4H,0, 

a reaction which shows that cyanogen is the nitrile (p. 359) of 
oxalic acid, oxalonitrile. 

A mixture of anhydrous ammonium oxalate and phosphorus 
pentoxide is heated in a glass tube sealed at one end, and the pro- 
ducts are collected in a solution of potassium hydroxide (p. 353) ; 
the latter is then tested for cyanide (p. 15). 

Cyanogen is prepared 1 by heating silver cyanide or mercuric 
cyanide (p. 358) in a hard glass tube, the gas being collected over 
mercury, 

Hg(CN) 2 = Hg+C 2 N 2 . 

During the operation a considerable quantity of a brown amor- 
phous substance, (CN)„, called paracyanogen, is produced ; this 

1 Owing to the highly poisonous character of cyanogen and many of its 
derivatives, great care should be observed in their preparation. 

352 



CYANOGEN AND RELATED COMPOUNDS 


353 


ditions (p. 136). . • . 

Cyanogen is also prepared by heating potassium cyanide mt 

CUP P 4KCN+2CuS0 4 = C 2 N 2 +2CuCN+2K 2 S0 4 . 

hou p^cipUate (• azulmic acid ') is deposited ; the solutton 

chloride), NC . CN+2H! 0 = NH.-CO-CO-NH,, 

NH,CO.CO NH s ; 2 2Hlo - HOOC COOH+2NH3 ; 

these changes are the reverse of those which occur when ammonium 

Joeing formed as intermediate products ; 
this is a very important so|ution 0 f p0 , as sium or 

ammordum 1 hydroxide^ cyanide and cyan.te being produced, 

c N 2 +2KOH = kcn+kocn+h 2 o, 

just as potassium chloride and hypochlorite are formed from 

chlorine and potassium hydroxide. . 

Cyan J Mori*. CNCI, is formed by the action of eh.orme on 

aso,utionofhydro e en c e r+ ide,^ Nci+Hci 

. „ „a, in this way that Wtihler obtained ammonium cyanate and urea 

(p. 263). 

Org. 12 
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It is a very poisonous liquid, boils at 12-5°, and readily undergoes 
spontaneous polymerisation into cyanuric chloride , C 3 N 3 C1 3 , which 
melts at 154°, and is decomposed by water at about 125°, yielding 
cyanuric acid, 

C 3 N 3 C1 s +3HjO = C 3 N 3 0 8 H s +3HCI. 

Cyanogen iodide, CNI, sublimes in colourless needles when a 
mixture of iodine and mercuric cyanide is heated ; it is very 
poisonous. 

Hydrogen cyanide (hydrocyanic or prussic acid), HCN or 
H-NC, was discovered by Scheele ; it occurs in plants, sometimes 
in considerable quantities, in combination with glucose and benz- 
aldchyde in the form of a well-defined, crystalline glycoside, 1 known 
as amygdahn. Bitter almonds and cherry-kernels contain this 
glycoside ; when they are macerated and kept in contact with 
water, the amygdalin is decomposed by an enzyme, emulsin , 2 into 
hydrogen cyanide, benzaldehyde, and glucose, 

CnH 27 N0 n +m 2 0 = C 7 H 6 0+HCN+2C 6 Hj 2 0 6 . 

Aniygdalin Benzaldehyde Glucose 

Hydrogen cyanide is formed when a mixture of acetylene and 
nitrogen is heated very strongly (at about 2000°). It is also pro- 
duced when ammonium formate is heated with phosphorus pent- 
oxide ; this change is analogous to the formation of cyanogen from 
ammonium oxalate, and may be demonstrated in a similar manner 
(P- 352), 

HCOONH 4 = HCN+2H 2 0. 

Hydrocyanic acid is prepared by the distillation of potassium 
cyanide or potassium ferrocyanide, with dilute sulphuric acid, 

KCN+H 2 S0 4 = KHS0 4 +HCN, 
2K 4 Fe(CN) 6 +3II 2 S0 4 = 6HCN+FeK 2 Fe(CN) 6 +3K 2 S0 4 ; 

Potassium ferrocyanide Ferrous potassium ferrocyanide 

in the latter reaction, only one-half of the potassium ferrocyanide 
yields hydrogen cyanide. 

1 The term glycoside is also applied to certain derivatives of sugars which 

on treatment with acids or alkalis, yield a sugar, or a mixture of two or more 
sugars, and one or more other substances (phenols, alcohols, aldehydes 
acids, etc.) as decomposition products. * 

2 The emulsin and the amygdalin are contained in separate cells and are 
only brought together when the tissues suffer disruption. 
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The anhydrous acid may be prepared (by expert chemists only) 
by dropping cold 50% sulphuric acid on to lumps of potassium 
cyanide ; it is often used in the preparation of hydroxy-cyanides 

(p. 151). 

Anhydrous hydrogen cyanide is a liquid ; it boils^at 26 and 
crystallises in a freezing mixture, melting again at —15 ; it has an 
odour similar to that of oil of bitter almonds, and burns with a pale- 
blue flame, with the formation of carbon dioxide, water, and 
nitrogen. It is a terrible poison, very small quantities of the acid 
(liquid or vapour), or of its soluble salts, being sufficient to cause 

death. 1 . , . . 

Hydrogen cyanide dissolves readily in water, but the solution 

undergoes decomposition, with the separation of a brown substance, 

and the liquid then contains ammonium formate and other com- 

pounds, 

HCN+2H 2 0 = hcoonh 4 . 

This hydrolysis takes place only slowly when a trace of some mineral 
acid is present, more quickly if the solution is heated with mineral 

acids or alkalis. . . , , , • . 

On reduction with zinc and hydrochloric acid, hydrogen cyanide 

is converted into methylamine, 

HCN+4H = CH 3 NH 2 . 

Hydrocyanic acid is a feeble acid, and scarcely reddens blue 
litmus. It forms salts with the hydroxides (but not with the 
carbonates) of potassium, sodium, and many other metals ; the 
alkali salts are decomposed by carbon dioxide with the liberation 
of the acid, for which reason potassium cyanide, for example, in 
contact with moist air, always smells of hydrogen cyanide. 

The detection of hydrocyanic acid or of a cyanide is usually based 
on the following test (p. 15) : The aqueous solution is made strong y 
alkaline with potassium hydroxide, a few drops of ferrous sulphate 
solution are added, and the liquid is warmed ; potassium ferro- 
cyanide is thus formed, and on the addition of ferric chloride to the 
acidified solution, a blue colouration or a precipitate of I russian 

blue is produced. , 

The constitution of hydrogen cyanide may be expressed by 

i As an antidote, a suspension of ferrous hydroxide in sodium carbonate 
solution, obtained by adding the latter in excess to a solut.on of ferrous 
sulphate, should be administered immediately. 

Org. 12 # 
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formula, H-C|N, for the following reasons : The acid is produced 
from ammonium formate, by a change similar to that by which 
methyl cyanide is formed from ammonium acetate (p. 359), 

HCOONH 4 = HCN+2HA 
CH 3 COONH 4 = CH 3 CN+2H 2 0 ; 

when heated with alkalis it is converted into formic acid, just as 
methyl cyanide is converted into acetic acid, 

H-CN+2H.O- H COOH+NH 3 , 
CH 3 -CN+2H 2 0 = CH 3 COOH+NH 3 . 

As, moreover, many facts show that the methyl group in methyl 
cyanide and in acetic acid is directly united with carbon, it would 
seem probable that the hydrogen atom in hydrogen cyanide is in a 
similar state of combination. 

Other facts, however, point to the formula H-NC, corresponding 
with those of the /socyanidcs (p. 361) and it would seem, therefore, 
that hydrogen cyanide shows tautomerism (p. 203), 

H-CN^CN-H, 

and exists principally in the form of H-CN. 

Hydrogen cyanide is sometimes called formonitrile (p. 359). 

Potassium cyanide, KCN, may be obtained synthetically by 
gently heating potassium in cyanogen. It used to be prepared on 
the large scale by strongly heating potassium ferrocyanide alone, or 
with potassium carbonate, out of contact with the air, 

K 4 Fe(CN ) 6 = 4KCN+FeC 2 +N 2 , 
K 4 Fe(CN) 6 +K 2 C0 3 = 5KCN+KCN0+C0 2 +Fe, 

and a mixture of sodium and potassium cyanides was manufactured 
by fusing potassium ferrocyanide with sodium, 

K 4 Fe(CN) 8 +2Na = 4KCN+2NaCN+Fe. 

The pure potassium salt may be prepared by passing hydrogen 
cyanide into alcoholic potash, and separating the precipitated 
crystals. It crystallises in plates, and is very readily soluble in water, 
but nearly insoluble in anhydrous alcohol ; it is extremely posionous 1 
and should not come into contact with the skin. 

Fused potassium cyanide is a reducing agent ; it liberates the 


1 Compare footnote, p. 355. 
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metals from many metallic oxides, being itself converted into 
potassium cyanate, 

KCN+PbO = KCNO+Pb, 

hence its use in some metallurgical operations ; in solution, it is 
much employed in inorganic analysis, but for many purposes it has 
now been supplanted by sodium cyanide. 

Potassium cyanide is a most important reagent in organic chemistry 
since it reacts with halogen compounds in general (excepting those 
in which the halogen atom is directly combined with carbon of an 
aromatic nucleus, p. 425) and gives cyanides (p. 359), which arc 
intermediate products in the ascent of a homologous series (p. 224), 
and are convertible into acids, aldehydes, and amines. 

Sodium cyanide, NaCN, is now used, especially for large-scale 
operations, instead of the more expensive potassium salt, and is 
manufactured by running melted sodamide on to red-hot charcoal, 

NaNH 2 +C = NaCN+Ho ; 

the fused product is filtered, and cast into iron moulds, and is thus 
obtained in crystalline masses containing 97-5-98% of sodium 

cyanide. . . , , 

It is also made commercially by passing ammonia through a 

heated mixture of sodium and charcoal, 

2Na+2NII 3 = 2NaNH 2 +H 2 » 

NaNH 2 +C = NaCN+IL, 

or by heating calcium cyanamide (p. 363) with carbon and common 
gait 

NCNCa+C+2NaCl= CaCl,+2NaCN. 

In another process, an intimate mixture of sodium carbonate and 
carbon is strongly heated in an atmosphere of nitrogen, 

Na 2 C0 3 +4C+N 2 = 2NaCN+3CO. 

Sodium cyanide resembles the potassium salt in properties and 
is largely used in extracting gold from ores by the MacArthur- 
Forrest process, in working up residual ores of copper, lead, and 
zinc, in the case-hardening of steel, in the electroplating industry, 
and for destroying vermin, etc. 

Silver cyanide , AgCN, is obtained as a curdy precipitate when an 
aqueous solution of potassium cyanide is added to a solution of 
silver nitrate ; it is insoluble in dilute acids, but is converted into 
soluble compounds by ammonium hydroxide and by potassium 
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cyanide ; silver cyanide is thus very similar in its properties to silver 
chloride, from which, however, it differs in that, when heated, it is 
decomposed completely (into silver and cyanogen). 

Mercuric cyanide , Hg(CN) 2 , is prepared by dissolving mercuric 
oxide in hydrocyanic acid. The solution, on evaporation, deposits 
the salt in anhydrous crystals, which are moderately soluble in water ; 
when strongly heated, the salt is decomposed into mercury and 
cyanogen. 

Mercuric cyanide does not show the ordinary reactions of a 
mercuric salt or those of a cyanide ; in aqueous solution it is not 
ionised to an appreciable extent. 

The cyanides of many of the metals, like many of the metallic 
chlorides, form complex salts with one another. Silver cyanide, 
for instance, gives with potassium cyanide a soluble complex salt, 
KAg(CN) 2 , which is used in electroplating ; the compound, 
KAu(CN).,, may be obtained in a similar manner by treating auric 
cyanide, Au(CN) 3 , with potassium cyanide. These complex salts 
crystallise unchanged from water, but are decomposed by mineral 
acids in the cold, with the evolution of hydrogen cyanide. Like the 
soluble simple cyanides, they are extremely poisonous. 

In addition to the above, numerous other complex metallic 
cyanides are known, the more important of which are potassium 
ferrocyanide, K 4 Fe(CN) 8 , and potassium ferricyanide, K 3 Fe(CN) 8 . 
These salts are not very poisonous, and are more stable than the 
compounds just described. On treatment with mineral acids, in 
the cold, they do not yield hydrogen cyanide, but hydrogen is 
substituted for the alkali metal only, and an acid, such as hydro- 
ferrocyanic acid, is liberated, 

K 4 Fc(CN) 8 + 4HC1 = H 4 Fe(CN) 8 + 4KC1. 

Potassium ferrocyanide, K 4 Fe(CN) 8 (yellow prussiate of potash), 
is formed when ferrous hydroxide is treated with an aqueous 
solution of potassium cyanide, 

6KCN+ Fe(OH) 2 = K 4 Fe(CN) 8 +2KOH. 

It used to be manufactured by fusing together in an iron vessel 
nitrogenous animal refuse (horn-shavings, hair, blood, etc.), crude 
potashes (containing potassium carbonate), and iron borings. The 
cold product was extracted with hot water, and the filtered solution 
evaporated. 
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Potassium ferrocyanide and various thiocyanates are now manu- 
factured from ‘ spent oxide,' the material obtained in purifying coal- 
gas from hydrogen sulphide, by passing the coal-gas through layers 
of ferric hydroxide. Spent oxide contains Prussian blue (ferric 
ferrocyanide), ammonium thiocyanate, and other ammonium salts, 
together with 30-40% of sulphur. It is first extracted with water , 
then mixed with lime, in order to convert the ferric ferrocyanide 
into ferric hydroxide and soluble calcium ferrocyanide, 

Fc 1 [Fc(CN) (J ] 3 + 6Ca(OH) 2 = 4Fc(OH) 3 + 3Ca 2 Fe(CN) a , 

and the latter is then extracted with water ; the residue is used as 
a source of sulphur in the manufacture of sulphuric acid. I he 
solution of the calcium salt is next treated with the theoretical 
quantity of potassium chloride, to form the very sparingly soluble 
potassium calcium ferrocyanide, K 2 CaFe(CN) 6 , which is separated, 
and heated with a solution of potassium carbonate in order to 
convert it into potassium ferrocyanide ; the solution is filtered 
from calcium carbonate and evaporated. 

Potassium ferrocyanide crystallises in lemon-yellow, hydrated 
(3H,0) prisms ; it is soluble in about 4 parts of water. When 
warmed with concentrated (90%) sulphuric acid it gives carbon 

monoxide, 

K 4 Fe(CN)»+6H,0 , +6H.S0« = 6C0+2K t S0 4 + FeS0 4 +3(NH 4 ) : S0 4 , 
but when boiled with dilute sulphuric acid it gives hydrogen 


cyanide (p. 354). . , 

Solutions of ferric salts in excess give with potassium ferro- 

cyanide a precipitate of Prussian blue, or ferric ferrocyan.de, 
Fe 4 [Fe(CN),] 3 . . , , 

Sodium nitroprusside , Na,Fe(CN) s (NO),2H s O is obtained by 
treating potassium ferrocyanide with nitric acid separating the 
precipitated potassium nitrate, and then neutralising the solution 
with caustic soda ; it forms red prisms readily soluble > n " at ’ 
and its alkaline solution gives a violet colouration even with traces 

of hydrogen sulphide (p. 16). 

Potassium ferricyanide, K. 1 Fc(CN) # (red prussiate of potash), 
is prepared by passing chlorine into a 10% solution of potassiu.n 
ferrocyanide, until the liquid ceases to give a blue precipitate with 
ferric salts; on evaporation, potassium ferricyan.de separates in 

dark red crystals. 

i The water necessary for this decomposition is partly derived from the 
crystals of the salt, partly from the 90% acid. 



360 


CYANOGEN AND RELATED COMPOUNDS 


The transformation of potassium ferrocyanide into ferricyanide 
is a process of oxidation, and other oxidising agents, such as nitric 
acid and lead dioxide, produce the same result. 

Potassium ferricyanide gives, with ferrous salts, a precipitate of 
Turnbull’s blue, which is doubtless the same as Prussian blue ; it 
is employed as a mild oxidising agent, because in alkaline solution, 
in presence of an oxidisable substance, it is converted into potassium 
ferrocyanide, 

2K 3 Fe(C N ) 8 + 2K OH = 2K 4 Fe(CN) e +H 2 0+0. 

When paper is treated with a solution of potassium ferricyanide 
and ferric ammonium citrate it becomes blue on exposure to light, 
owing to the reduction of the ferric salt and the subsequent pro- 
duction of Prussian blue ; such sensitised paper is used in the 
reproduction of engineering drawings (blue prints), etc. 

The alkyl cyanides or nitriles, R-CN, may be prepared by 
heating the alkyl halides, or the salts of the alkyl sulphuric acids, 
with potassium or sodium cyanide in aqueous alcoholic solution, 

kcn+c 2 h 5 i = c 2 h 5 -cn+ki, 

KCN+K(C 2 H s )S0 4 = C 2 H 5 .CN+K,S0 4 ; 

they are also obtained by distilling the ammonium salts, or the 
amides, of the fatty acids with some dehydrating agent, such as 
phosphorus pentoxide, 

ch 3 coonh 4 = ch 3 .cn+ 2 h 2 o, 
c 2 h 5 conh 2 = c 2 h 5 cn+h 2 o, 

and when <z/</oximcs are treated with acetyl chloride or acetic 
anhydride, 

CH 3 -CH:NOH = CH 3 CN+H 2 0. 

The lower members of the series, such as methyl cyanide (b.p. 
82 ) and ethyl cyanide (b.p. 9S ), are mobile liquids, possessing a 
strong but not disagreeable smell, and are readily soluble in water ; 
the higher members, as, for example, octyl cyanide (b.p. 216°), ’ 
C 8 H I7 CN, are almost insoluble in water. 

When boiled with acids or alkalis they are decomposed, with 
the formation of acids, the — CN being converted into the — COOH 
group, 

CH 3 • CN-r- KOH+ H 2 0 = CH 3 .COOK+NH 3 , 

C 2 H 5 • CN+ IlCl-r 2H,0 = C 2 H 5 • COOH+ NH 4 C1. 
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For this reason, and also because they may be obtained from the 
ammonium salts of carboxylic acids, such compounds may also be 
named after the acids which they yield on hydrolysis , methyl 
cyanide, CH 3 CN, for example, is called acetomtnle ; ethyl cyanide, 

C,H 5 • CN , propiononitrile, and so on. 

On reduction with zinc and sulphuric acid, or better, wit 
sodium and alcohol, the alkyl cyanides are converted into primary 

amineS> CH 3 -CN+4H = CII 3 -CH 2 NH 2 . 

The two reactions just given show that the alkyl group is directl) 

Un Whefa h lM b cyanides are reduced with anhydrous stannous 
chtadde in etherf saturated with hydrogen chloride, aid, mines 

'The 1C nocyanides, uonitri.es or carbylnmines, R-NC, 
arc ,™ with the corresponding cyanides. They may be pre- 
pared by heating the alkyl halides with stiver cyanide, 

C 2 H 5 1+ AgCN = C 2 II 5 -NC+AgI, 

and by treating primary amines with chloroform and alcoholic 

POtaSh C ( H s 2 NH l +3KOH+CHC! 3 =CH 3 NC+3KCl+3H ! 0. 

jsl stsr, ^ = 

P °Th n e°y U hoi. a. lower temperatures 

”!T SftfcW 

hydrolysed by dilute mineral acids, yielding lormic 
amine> C 2 H 6 .NC+2H 2 0 = C t H 5 • NH 2 + H • COOH ; 

on reduction with hydrogen in the presence of nickel they a 
converted into secondary amines, 

C 2 H 5 -NC+2H 2 = C 2 H 5 -NH-CH 3 . 

These reactions are totally U u^hl^n 

"wiAcSn-«ha. is to say, the nitriles are derivatives of 
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H CN, whereas the isonitriles may be regarded as derived from the 
isomeride of the constitution, HNC. 

When nitrogen was considered to function sometimes as a quin- 
quevalent element the formula of an isonitrile was written, R-N ;C ; 
in accordance with the electronic theory of valency it is now written 
R-N = C. 

Cyanic acid, HO-CN, or HN:C:0, is produced when cyanuric 
acid (p. 354) is heated, and the vapours are condensed in a receiver, 
cooled in a freezing mixture, 

C 3 N 3 0 3 H 3 = 3HO-CN. 

It is a strongly acid, unstable liquid, and when kept at about 0° it 
rapidly undergoes polymerisation into an opaque, porcelain-like 
mass which consists of cyanuric acid, and a large proportion of 
another polymeride, called cyamelide. It decomposes very rapidly 
in aqueous solution, giving carbon dioxide and ammonia, 

HOCN+HoO = C0 2 +NH 3 , 

and therefore cannot be prepared by the decomposition of its salts 
with mineral acids. 

Potassium cyanate, KO-CN, is slowly produced when potassium 
cyanide undergoes atmospheric oxidation, and also when cyanogen 
chloride is dissolved in a solution of potassium hydroxide ; it is 
usually prepared by heating potassium cyanide (or ferrocyanide) 
with some readily reducible metallic oxide, such as litharge or red- 
lead, and then extracting the product with dilute alcohol. It is 
crystalline, readily soluble in water and aqueous alcohol, but nearly 
insoluble in anhydrous alcohol ; it rapidly decomposes in aqueous 
solution with the formation of ammonium and potassium carbonates, 

2K0-CN+4H,0= (NH 4 ).,C0 3 +K 2 C0 3 . 

When a solution of this cyanate is mixed with ammonium sulphate 
and evaporated, urea is formed, ammonium cyanate being the inter- 
mediate product (p. 263). 

Esters of cyanic acid are not known, but alkyl derivatives of 
isocyanic acid were discovered by Wurtz. 

The alkyl isocyanates or carbimides, R-N:CO, are obtained when 
potassium cyanate is heated with a potassium alkyl sulphate and when 
an alkyl iodide is heated with silver cyanate ; they are unpleasant 
smelling, volatile liquids. 
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Ethyl isocyanate (b.p. 60°) is decomposed when it is heated with 
aqueous alkalis giving ethylamine, 

C 2 H 6 • N :CO+ 2KOH = C 2 H 5 NH 2 +K 2 C0 3 ; 

it combines with alcohols forming urethanes (p. 223), 

C 2 H 5 N:CO+R OH = C 2 H s NH CO OR, 

and with primary or secondary amines to form substituted ureas, 

C 2 H 6 N:CO+RNHo = C 2 H 5 NHCONHR. 

Other esters, prepared in a similar manner, behave like ethyl 
isocyanate, and the fact that they give an amine nn hydrolysis sho\%s 
that they are derived from wocyanic acid, HN.CO. 

Phenyl carbimide, C.H s N:CO (p. 446), is employed for the 
detection and identification of -OH, -NH !; or >NH groups as 
it reacts readily at ordinary temperatures with compounds wh ch 
inSin such groups, and gives a phenylurethane or a subsntuted 

urea which is usually crystalline. 

Cyanamide, NC NH„ is formed by the action of ammonia on 
cyanogen chloride, and its important derivative, cabam y^ 
amide, NC NCa, is manufactured by strongly heating calcium 
carbide with nitrogen (in the presence of calcium chloride), 

CaC,+ N 2 = NCNCad-C; 

the crude product (NitroKm or Kalkstickstoff), which is used as a 
fertiliser, undergoes decomposition in the soil, giving -> 

amide (m.p. 41°) and then urea (p. 264), 

NCNCa+C0 2 +H 2 0 = NCNH 2 +CaC0 3 , 
NC-NHj+HjO = CO(NH 2 ) 2 . 

Calcium cyanamide is also used for the manufacture of urea and 
cyanides (p. 357). . 

Sodium cyanamide, CN.Na,. used for the prep^n of 
secondary amines (p. 227), is obtained by heating sodamide 

carbon at about 400°, 

2NaNH,+C ~ CN t Na,+2H.. 

Fulminic acid, CNOH, is isomeric with cyanic acid It is a strong 
acid and is formed by the decomposition of its salts, t « u ™ Q / 
with mineral acids. Mercuric fulminate, (CNO),H*.it “ 
prepared by the interaction of alcohol, nitric acid, and mercury, 
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the changes which occur are complex. Mercuric fulminate is 
a crystalline solid which explodes violently when it is struck and 
is used as a detonator. 

Thiocyanic acid , or sulphocyanic acid, HS-CN or SC:NH, is 
obtained as a salt when an alkali cyanide is heated with sulphur, 

KCN+S= KS-CN, 

the change being analogous to the formation of cyanates by the 
oxidation of cyanides. 

Thiocyanic acid is liberated when potassium thiocyanate is 
treated with dilute sulphuric acid, but it is very unstable. It has 
a very penetrating odour and, with moderately concentrated sul- 
phuric acid, gives carbon oxysulphide and ammonia, 

HS-CN+H 2 0 = COS+NH3. 

Potassium thiocyanate , KS-CN, is prepared by fusing potassium 
cyanide (or ferrocyanide) with sulphur, extracting the mass with 
alcohol, and concentrating the alcoholic solution ; it forms very 
deliquescent needles. The ammonium salt, NH 4 S-CN, is prepared 
by heating alcoholic ammonia with carbon disulphide at 100 
under pressure, 

4NH 3 +CS 2 = NH 4 S-CN+(NH 4 ) 2 S, 

and also by the fractional crystallisation of the salts contained in 

the aqueous extract of ‘ spent oxide ’ (p. 359). 

When heated at 170° it gradually undergoes isomeric change 
into thiourea or thiocarbamide , NH 2 -CS-NH 2 , a crystalline sub- 
stance, which melts at 172°. 

The thiocyanates are used in inorganic analysis as reagents for 
ferric salts, with which they give an intense blood-red colouration, 
caused by the formation of [Fe(SCN),]"' ions. Thiocyanates are 
also employed in dyeing and calico-printing as mordants, and are 
known commercially as * rhodanates.’ 

Alkyl thiocyanates, RS • CN, are produced by distilling the alkyl 
iodides with potassium thiocyanate, or by treating the mercaptides 
(especially lead mercaptides) with cyanogen chloride, 

(C 2 H 6 S) t Pb + 2C 1CN = 2C 2 H 6 S-CN+PbCl 1 . 

They are volatile liquids possessing a slight smell of garlic ; when 
oxidised with nitric acid they are converted into alkvlsulphonic 



CYANOGEN AND RELATED COMPOUNDS 


365 


acids, C,H s SCN, for example, yteldtng C,H, SO,H a r«cuo 
which shows that the alkyl group is united with sulphur and th 
esters are derived from an acid of the constuut.on HS-C .N 
The alkyl uothiocyanates, or mustard-o.ls, RN.Ci s - “ ^ 
ducedwhen the alkyl thiocyanates are heated a : 180 or repeate y 
distilled, intramolecular (isomeric) change (p. 263) taking plac . 


C s H 5 -S-C!N * CsH s N:C:S 


The alkyl group in these compounds is combined with nitrogen, as 
Xown by fhe fact tha, when heated with hydrochkir.cactd they are 
decomposed into primary amines, carbon diox.de, and hydrogen 

sulphide, CtHiN;CS+2H2 o = C,H 6 -NH*- +CO* + H*S. 


The isothiocyanatcs, therefore, are analogous to the ! alkyl iso- 
cyanates, and are derived from an .soth.ocyan.c ac.d of the 

stitution, HN:C:S. 


Allyl imthiocyanate, or ‘mustard-oil,’ 

is prepared by distilling macerated black mustard-seeds t . h steam 
Mustard-seeds contain a glycoside, potassium myron te (smgr. . 
C 10 H 18 NS 2 O,„K, which is soluble in water; Its solution gradually 

undergoes fermentation (owing to the presence of an enrytm. 
myrosin), mustard-oil, glucose, and potassium hydrogen sulphate 

being produced, 


C 10 H 18 NS 2 O 10 K - C,H s -N:CS+C.H,.0.+ KHS0 4 . 

Allyl ftothiocyanate may be obtained synthetically by 

iodide with potassium thiocyanate, because n. J ^ ^ 


iodide with potassium iniocy*..-^, 7 - - , • 

which is first formed, undergoes isomeric change into the « 

thiocyanate; it is a pungent-smelling liquid, boiling 

when placed on the skin it produces blisters. 


The three acids, hydrocyanic, cyanic and thiocyanic, show 
tautomer, sm (p. 203), H CN — CN H , 

HO CN OC:NII, 

HS CN SC:NH, 

but in no case have both forms of the acids Zn 

isolated. When the hydrogen atom is d.sp acc <* 0 , alk 'j deriva- 
alkyl group tautomerism becomes impossible and • > 
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tives have a fixed structure. In the case of hydrocyanic and thio- 
cyanic acid two series of derivatives, corresponding respectively 
with the given formulae, have been described, namely the cyanides, 
R-CN, and wocyanides, R-NC, and the thiocyanates, RS-CN, and 
uothiocyanates, RN:CS ; alkyl cyanates, RO-CN, however, are 
unknown. 

When a tautomeric compound such as one of the above acids is 
also an electrolyte the anion at first sight might appear to have two 
possible structures, 

-C=N or C5N-, "O-C^N or 0=C=N" etc. 

In such cases, however, the ions would probably be resonance 
forms (p. 390) and the difference would disappear : it is impossible, 
therefore, to assign to potassium cyanide, a strong electrolyte, either 
the formula KCN or KNC ; it is K + [CN]~. Silver cyanide, how- 
ever, is co-valent and it has been shown that in its crystals a chain 
structure, 

-Ag-C = N — ► Ag-C = N — * Ag— , 

is present. Such a difference in constitution may account for the 
different reactions of potassium and silver cyanides with alkyl 
halides. 

Cyanuric acid, (HOCN)j, is produced by the hydrolysis of 
cyanuric chloride, (CNC1) 3 (p. 354), and separates from water in 
large prisms ( + 2H 2 0) : on distillation it is converted into cyanic 
acid. Its esters are obtained by treating cyanuric chloride with 
sodium alkyl oxides, 

(CNCl) s +3NaOEt = (CN-OEt),+3NaCl, 

but when these alkyl cyanurates are heated strongly they undergo 
isomeric change into alkyl iso cyanurates, esters of uocyanuric acid, 
(CO-NR)j ; the latter, on hydrolysis with alkalis, give a carbonate 
and a primary amine, whereas the former give a metallic cyanurate 
and an alcohol. Cyanuric and irocyanuric acids are tautomeric and 
may be respectively represented by the formulae, 

H 

HO- C^C -OH OC^ Nv CO 

II I II 

^ HN^H 

OH 0 

but only one form of the acid has been isolated. 
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In the past, the three 

acid, and acetone were obtained f r h P domestic and 

distillation of wood, and used di "he preparation of many of 
commercial purposes, as we are nQW manu factured in 

their derivatives ; these raw . d f m thc highly complex 

other ways and many others are obtained 

mixture resulting from the cracking 0,^1^^ ^ ^ more importan t 
The sources, and someof the transformatio^ o ^ ^ followi 

commercial products which are th although still prepared 

table ; it will there be seen that ethyl alcohol, a.m^g fay 

on the large scale by fermentatio P . important, 

other methods, which arc becoming increasingly P 

Products Manufactured from Carbon Monoxide 



100 
Methyl 
alcohol 


100 
Propyl (<a) 
alcohol 


100 
/robutyl (fl) 
alcohol 


202 

Phosgene 


202 

Ethyl 

chloroform ale 


(a) Also obtained from fuael oil. 

The figure* indicate the pages on which the relevant reaction, are 

The carbon monoxide * 

from natural methane ; m the latter case uy F 
reaction with steam under suitable conditions. 
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Products Manufactured from Cracked Petroleum (p. 67) 


Ethylene- 


244 I 
Dioxan 


88 


•Polyethylene (Polythene) 


113 


Ethyl alcohol 


243 


•Ethylene 
chlorohydrin 


I 


241 


Polyethylene 
glycol 


244 


I 


I 


ns 

* 


•Ethylene 
oxide- 


241 


242 

Ethylene 
> glycol 


I 

Acrylates 


244. 343 




Glycol 

ethers 


Primal 
products 


119 


— >-Propylen< 


197 


/ropropyl 
alcohol - 

I 


145 


r Acetone 
343 


l 


Esters 


246 


246 


•Allyl 


£ 


Methyl 

methylacry late 


■> Glycerol 


cohol 


120 


- and 3- 
Butylcncs- 


-Mcthylethyl* 
carbinol 


■>- Methylethyl 
ketone 




Esters 


120 

— ^ 7 -Butylene >-f-Butyl alcohol 


120 


I — ^-Amylent 


•Amyl 

alcohols 


Meth 


l 


— >• Esters 


The figures indicate the pages on which the relevant reactions 

arc mentioned. 
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Products Manufactured from Acetylene and Ethyl Alcohol 


■Acetaldehyde — 

1 'f' 13d 


141 

r-rAldol- 


™ >-Ethyl (a) 

alcohol 


049 119 

— >-Croton- — > n-butyl 

aldehyde al coho1 


105 105 . . 

“ Butadiene Synthe.* 

(Part III) 


\ 104 
Acetic acid- 


^►Ethyl 

acetate 


Acetylene 


-Vinylacetylenc 


100 101 
— ^-Acetylene - 
tetrachloride 


Chloroprcne 


.-^■Trichloro- 

ethylene 


Synthetic 
rubber 
(Part HD 


Chloroacctic 

acid 


H6 (b) 

-> Acetone' 


Pentachloro- 

ethane 


Tctrachloro- 

cthylcne 


Hexochloro- 

cthanc 


-Vinyl 

acetate 


-Vinyl 


c&loride 


Polymers 

(Part III) 

Polymers 


c^undsTn the upper poruon 

of the table. 

* — - - rt 




